APPROVED AND USED BY LEADING MANUFACTURERS 


“Heavy Duty” By-Pass DISCAPS 


| | 


.00047 .0015 .003 
.00068 .002 .004* 
.0008 2x.001 .005* 
.001 2x.0015 


*Rated 600 V.D.C.W. Flash test 1200 V.D.C. 2x.002* 


SPECIFICATIONS 


TYPE B BY-PASS SERIES—GUARANTEED MINIMUM VALUE 
POWER FACTOR: 1.5% Max. @ 1 KC (initial) INSULATION: Durez phenolic—vacuum waxed 
POWER FACTOR: 2.5% Max. @ 1 KC (after humidity) INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500 


WORKING VOLTAGE: 1000 V.D.C. megohms 
TEST VOLTAGE (FLASH): 2000 V.D.C. AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed higher 


LEADS: No. 22 tinned copper (.026 dia.) than 1000 megohms 


480% —20% 


HIGH VOLTAGE DISCAPS—Designed for Deflection Yokes 
SPECIFICATIONS 


LEADS: No. 22 tinned copper (.026 dia.) 
INSULATION: Durez phenotic—vacuum waxed 


POWER FACTOR: .1 % Max. @ 1 M C (initial) 


NOW 
AVAILABLE 


POWER FACTOR: 2.5% Max. @ 1 M C, 
after humidity 

WORKING VOLTAGE: 2000, 3000, 4000, 
5000 V.D.C. 


INITIAL RESISTANCE: Guaranteed higher than 
7500 megohms 


AFTER HUMIDITY LEAKAGE RESISTANCE: 


Guaranteed higher than 1000 megohms 


AVAILABLE TOLERANCE: +5% +10% 
+20% 


TEST VOLTAGE: 4000, 6000, 8000, 10,000 


q V.D.C. 


IN ANY CAPACITY 
BETWEEN 
15 MMF AND 240 MMF 


SEND FOR SAMPLES AND TECHNICAL DATA 


— 


RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill. 


DISTRIBUTORS: Contact Jobber Sales Co., 146 Broadway, Paterson 1, N. J. 
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A Caldwell-Clements Publication 


NOVEMBER, 1953 
FRONT COVER: RADAR MISSILE TRACKER is one of the many military devices operating in the microwave 
rangé. Developed by Electronic Engineering Co., Los Angeles, Calif., as a target location aid for the Noval 
Air Missile Test Center, this antenna tracks the signal from an FM/FM telemeter transmitter, It will orient. the 


antenna axis within 2° on targets whose elevation angle is above 10° to 20°. The system will lock on 
target over an angle of about +60°. 
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SIDE BAND FILTERS 
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Our most recent engineering achievement in 
ommunications filters has already stirred the inter- 
est of the leading receiver manufacturers in the 


r new side band filters which eliminate, for 
nost applications, the necessity for expensive crystal 
lters are expected to accelerate the advancement 


f _— 
of single side band communications. PLUG IN DECADES 


An entirely new development in inductance dec 

SUB MINIATURE tides eliminating disadvantages of switch boxes. In 
TOROIDS luctance units plugged together in various combin- 

Toroids for intermediate ttions viding decade steps of inductance with 
icigencies of 100KC er minimum number of units required. 
eee wide vari- MINIATURE TELEMETERING FILTERS 
ety of coils ranging in size 
from !/2 inch provides high in recognizing the 
Q in the frequency range ne presenly bulky 
between audio and FF. engineering staff has 


need for miniaturization of 
telemetering equipment, our 
succeeded in reducing the size 
Ae f telemetering filters to as little as 25\to 50° of the 
The tiny toroid about Deine) wales 
the size of a dime has been 
SE ee Bech 
welcomed by d¢ a ea BURNELL ¢ IMPANY very pleased to announce that 
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November, 1953 ° 


Facts and Figures Round-Up 


ELECTRONIC 
INDUSTRIES 


TOTALS 
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Broadcast Stations in U.S. 


AM FM Tv 
Stations on Air 2395 556 186 VHF 
82 UHF 
Under Construction 131 66 96 VHF 
(CPs) 175 UHF 
Applications 230 9 340 VHF 
Pending 135 UHF 


Radio & TV Receiver Production 


Radio 
September, 1953 Home 407 ,000 
Battery 133,000 
Auto 302,000 
Clock 145,000 
Total 620,000 987 ,000 
Nine months, 1953 Home 2,239,000 


Jan.-Sept. Inclusive Battery 1,425,000 


Auto 4,250,000 
Clock 1,600,000 


Total 5,400,000 10,213,000 


_ TV Sets in use, 
26,700,000 


With TV set sales to the public running 
about half a million per month, the num- 
ber of receivers in use as of November 1 
is estimated at 26,700,000. 

By the end of the year, the figure is 
expected to add another 1,300,000, so 
that by January 1, 1954, television sets 
in use in the U.S. will total 28,000,000. 


Electronic Outlook Bright into First Half of 1954 


The electronic industries will continue 
to prosper briskly during the next nine 
months or longer, predicted Dr. Howard 
T. Hovde, addressing the National Elec- 
tronic Distributors Association at St. Louis 
in September. Dr. Hovde is vice-president 
_of the Econometric Institute, 230 Park 
Ave., New York. 

Pointing out some of the important 
forces that will dictate the general out- 
look for the U. S$. economy during the 
next nine months and during the next 
five years Dr. Hovde emphasizes the bright 
prospects for the electronic industry, and 
explained how his conclusions were 
reached. 

“The Econometric Institute over the 
past fifteen years has been able to 
measure current ec ic pr s and 
to translate them into future economic 
changes. The methods used can be out- 
lined very briefly. 


Econometric Analysis 


“Econometric analysis is based on 
nothing mysterious or obscure. It is a 
combination of the latest techniques in 
mathematics, statistics, and economics, 
tempered by a broad knowledge and 
able interpretation for current economic 
and political developments. The Institute, 
on the basis of these techniques, has 
been able to forecast production, income, 
prices, and in general, the pattern of the 
economy. 

“The starting point of the Institute's 


analysis is new orders received by manv- 
facturers. Experience has indicated that 
current orders correlate very closely with 
future national income, which is in effect 
a gauge of business activity. Thus, a 
knowledge of current new orders makes 
it possible to e national income, 
purchasing power, and the demand for 
consumers’ goods in the months ahead. 
The demand for consumers’ goods and 
the relation of new orders to this demand 
determine how much producing capacity 
will be required. : 
“Econometric analysis is built up in 
this fashion. One step leads into another. 
Finally, every significant phase of the 
economy is forecast, including total in- 
come, real income, production broken 
down by types such as manufactured 
goods, raw materials, and retail prices. 


Short-Term 
Business Outlook 


“The economic climate in which you 
and your customers will do business dur- 
ing the next two or three quarters will be 
essentially favorable. Personal income 
will continue high through the first three 
months of 1954. This will serve to offset 
some of the less favorable factors that 
will influence the demand for radios and 
television sets through the first half of 
next year. Demand from business and 
from the military for electronic equipment 
will continue strong, though not at the 
current high rates.” 


GOVERNMENT ELECTRONIC CONTRACT AWARDS 
This list classifies and gives the value of electronic equipment selected from 
contracts awarded by government procurement agencies in Sept. 1953. 


on BE ENN Oar ented beanie $589,226 
DNS ROS eA ENO ews 40,945 
Cable, transducer ........ 25,200 
Cable, submarine ........ 434,313 
Cathodes, nickel ......... 26,641 
Cavities, tuned .......... 30,030 
Chargers, Battery ........ 339,333 
Connector Plugs ......... 39,810 

PE EH oes 37,288 


Dummy Loads 
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GHASIGINNS: 2 oes. A eS 825,451 
Ge Mee 6. Sei ais 67,211 
ES ae ere ure apr 48,455 
Neck Pick ae 344,193 
Jack Box Assys .......... 40,392 
Junction Boxes a Crh ae ed 62,400 
Microphones ............ 57,497 
Mountings, circuit ........ 79,432 
Oscilloscopes ............ 50,500 


Roeder, GOA. oes oo. oi 215,877 
Radio attachments ........ 632,414 
Rotors, motor generator ... 37,008 
pS SR aS IS na i 392,425 
MS oS gti giais s Ba Oy. 6 78,730 
Summation bridges ....... 177,406 
Switch Boxes, relay ....... 62,745 
Trainers, sigral .......... 51,004 
Tubes, electron .......... 268,175 
WOON 8 ise a's 65,051 


Now! 
e 
UHF AND MICROWAVE MEASUREMENTS 
MADE EASY WITH THE PRESTO 


MICROWAVE SECONDARY FREQUENCY 
_ STANDARD 
50-11,000 MC OUTPUT 


The PRESTO Model 100 
Microwave Secondary Fre- 
quency Standard provides, 
for the first time, a versatile 
and relatively inexpensive 
instrument to generate accur- 
ate test signals over the ex- 
tremely wide range of 50 to 
approximately 11,000 mc 
without any frequency tun- 
ing whatsoever. The Model 
100 delivers to the 50 ohm 
MODEL 100* input of a typical microwave 
Price: $265.00 f.0.b. factory receiver an uninterrupted, 
simultaneous series of CW 
signals spaced every 100 and 200 mc over its complete frequency range, 
and a 50 me marker output useful up to approximately 9,000 mc. 


© No frequency tuning whatsoever, USE IT 
® Markers every 50, 100, 200 mc. 


® To perform functions of 
expensive primary standards. 


® .005% accuracy over range. 


® To calibrate signal generators. 


. ® Lightweight and compact—8 4 
Ibs., 79%” x6” x 6%”. ® To establish standard 
frequencies. 


® Military quality standard 


components used throughout. ’ @ To calibrate and align receivers. 
* @ Low power consumption—60 ® To radiate test signals for overall 
watts. radar systems check. 


© Operates from 115V—50-1750 * To provide markers for 
cycle source. panoramic displays. 


* Patent Applied For 
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TELE-TECH* & ELECTRONIC INDUSTRIES is 
edited for top-level engineers and execu- 
tives throughout the electronic industries. 
It gives the busy engineering executive 
authoritative information and_ interpretation 
of the latest developments and new products, 
with emphasis on subjects of engineering 
import and timeliness. Special attention is 
given to: 
MANUFACTURING 

Slant t . = 
—c quip ’ orions, 

broadcasting, microwave relay, _ instru- 

mentation, telemetering, computing. 
—Military equipment including _radar, 

sonar, guided missiles, fire controls. 
—TV-FM-AM receivers, phonographs, 

recorders, reproducers. 


OPERATION 


—Fixed, mobile and airborne communi- 
cations in commercial, municipal, avi- 
ation and government services. 

—Broadcasting, video and audio record- 
ing, eae, audio and sound systems, 
motion picture production. 

—Military, civilian and scientific elec- 
tronic computing and control systems. 
*Reg. U. S. Pat. Off 


THE ELECTRONIC INDUSTRIES 
DIRECTORY 


Published annually as an integral 
section of TELE-TECH in June 
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than any other 4x 5 
commercial slide 
projector 


oon 


The famous GRAY TELOP T 


Makes profits grow — projects low-cost, easily pro- 


duced commercials. Four optical openings for projection 
of opaque and transparent photos, rolling titles, slides, 
small objects, etc., with superimposition, lap dissolve, or 
fade-out effects. America’s best-known, most-used television 
optical projector! 5 


GRAY TELOP IL 


Another TV profit maker—with two channels accommodat- 
ing slide holders, light boxes and accessories for 


RN ERSTE REY. 


special effects. Gives professional results—and one 
operator does it all! 


GRAY 3A TELOJECTOR 


New, compact unit for automatic remote control 
projection of standard 2 x 2 slides . . . in uninter- & 
rupted sequence . . . with fading, lapping and super- é : E 
imposition. Solves many problems for 4 
both large and small stations, 

Get all the facts, now! 


ee eae 


es 


WRITE TODAY FOR BULLETIN RC-9 


a ver 


semester 


a oT pre Pee ; 


RESEARCH 


and Development Co., Inc., Hilliard Street, Manchester, Conn 


AUDOGRAPH 
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UHF Pylon Antenna ghee: 
Lay A 


For “single-direction” coverage, RCA has 47 
UHF Pylons that produce a horizontal field 
pattern shaped like a Cardioid (see Fig. 1). 


For “elongated” coverage, RCA has UHF 
Pylons that produce a horizontal field pat- 
tern shaped like a peanut (see Fig. 2). 


For “circular” coverage, RCA has a wide 
selection of UHF Pylons that produce equal 
signals in ALL directions. 


For better overall coverage, RCA UHF 
Pylons have built-in “Beam Tilt’”’ that 
minimizes power loss in vertical radiation. 


For better “close-in” coverage, RCA UHF 
Pylons are equipped with a new, advanced 
type null fill-in system (used in conjunction 
with beam tilting). See Figs. 3 and 4. 


The gain that’s published is the gain you get. 
RCA UHF Pylons include no tuning com- 
promises that would result in loss of gain. 
RCA UHF Pylons can be furnished with 
gains in the order of 3, 6, 9, 12, 21, 24, 
and 27! 


RCA has all UHF antenna accessories: towers, 
mitered elbows, line transformers, spring 
hangers, dummy loads, wattmeters, fre- 
"PLANE PLANE quency and medulator monitors, filter- 
Lt plexers, and transmission line (measured 

oe | | performance—VSWR-—is better than 1.05 

5 : to 1.0). You can get everything from ONE 


ae f responsible source—RCA! 


An antenna system can make or break 
a TV station. Make sure yours is right. 
Your RCA Broadcast Sales Representative 
can help you plan. 


RADIO CORPORAT{Ol 
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e): WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONICS DIVISION, 2519 WILKENS AVE, BALT. 3, MD, 


Flexible System Design Uses Four Basic 
Panels For Radio, For Multiplex Functions 


TYPE FR MICROWAVE RADIO 


These four panels can be assembied as either terminal 
or repeater stations : 


14 Transmitter Receiver 


: ae 


= 


| 2 Local Osciltater-Medutator 


3 Automatic Freq. Contre! a 


NW 


| 4 Power Suppy 


TYPE FJ MULTIPLEXING EQUIPMENT 


All the voice and telegraph functions required of a 
microwave system are available through combinations 
of these four panels: 


1 Voice Band Pane! 


Westinghouse 2000 MC Microwave—These 
eight flexible, interchangeable panels are 
compatible with any type of interconnected 
equipment. 


you CAN BE SURE...1F ITS ‘Westinghouse 


The many practical uses of microwave 
communications and control systems 
can be enhanced by engineering skill. 
Flexibility of design, for instance, is 
one important measure of the quality 
of service you will get from any micro- 
wave system. Here’s how Westinghouse 
2000 MC Microwave is engineered for 
flexibility . . . to give you the reliable, 
long-term service you should expect. 


Design Goal: Flexibility 


First of all, Westinghouse studied user 
requirements . . . and reviewed its many 
years of practical experience in micro- 
wave communications and in the man- 
ufacture and application of all types 
of end-use equipment. Then Westing- 
house designed the 2000 MC system, 
stripping away non-essentials to attain 
an effective minimum of flexible, inter- 
changeable equipment. - 


The illustration shows you the result: 
two streamlined assemblies—Type FR 
Microwave Radio and Type FJ Multi- 
plexing Equipment—each having only 
four basic panels. These eight panels 
are completely adequate for all radio 
and multiplex functions. System modi- 
fication, parts stocking and mainte- 
nance are thus reduced to their simplest 
possible terms. 


For 30 Voice Channels: 
One Panel 


The four radio panels can be assem- 
bled for either terminal or repeater 
station operation. The four multiplex- 
ing panels are even more versatile. A 
single Type FJ Voice Band Panel — 
completely self-contained even to hav- 
ing its own power supply—is useable 
for any of the 30 voice channels sup- 
plied by Westinghouse microwave. All 
that is required is a change of crystal 
and retuning. 


What’s more, Type FJ Voice Band 
Panels are adaptable to party-line or 
private-line service; to two-wire or 


* 
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four-wire termination; to all types of © 
signaling. Party-line service requires no — 
additional equipment and is free of 
complicated circuitry. Built-in signal- 
ing allows immediate push-to-talk oper- 
ation of remote VHF base stations. 


For Telegraph Channels: 
Three Panels 


Any of the 30 available channels can 
be used for telegraph functions by em- 
ploying telegraph equipment instead of 
the Voice Band Panel. Each channel 
so used can be submultiplexed to han- 
dle up to 15 circuits for telemetering, 
supervisory control, teletype, relaying ~ 
and others. All of these functions de- 7 
pend on only three basic multiplex ~ 
panels: small, compact Type FJ Tele- ~ 
graph Transmitters and Receivers that 
mount individually on the Type FJ 
Power Supply Frame. All that is re- 
quired to convert a telegraph unit from 
one frequency to another is a change 
of crystal and retuning. 


For Each Channel: 
Independent Operation 


The great capacity of Westinghouse 
2000 MC Microwave—up to 30 voice 
channels or 450 telegraph channels— 
can fulfill most present needs and 
accommodate future needs. Since 
Westinghouse microwave uses frequen- 
cy-division multiplexing, these channels 
have maximum independence of each 
other. If one channel develops a fault, 
all other channels continue to operate 
without interruption. 


Flexibility—and reliability, too. That’s 
the essence of Westinghouse 2000 MC 
Microwave. Get full details now about 
this complete system of communica- 
tions. Call your Westinghouse repre- 
sentative or write: Westinghouse 
Electric Corporation, Electronics Divi- 
sion, Microwave Section, 2519 Wilkens 
Avenue, Baltimore 3, Maryland. 


Ask for our Microwave Booklet. 


J-02276 
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GOLD PLATED CONTACTS 


GOLD PLATED CONTACTS 


GOLD PLATED CONTACTS 


PLUG SHELL = PIN. FRONT INSERT 


PIN CONTACTS 


POLARIZING KEYWAY 


AMPHENOL has long been the leading manu- 
facturer of approved A N connectors—and every 
AMPHENOL AN connector is made to gov- 
ernment specifications. Under these specifica- 
tions, however, many alternate processes in 
manufacture are allowed. Where this choice 
is given, AMPHENOL has always gone to the 
highest quality interpretation. Thus, many fea- 
tures of AMPHENOL AN connectors exceed 


CADMIUM SHELLS ‘ne connector shells on all 


AMPHENOL AN'’s are cadmium plated with a chro- 
mate conversion coating. The shell finish is available 
in either bright cadmium or olive drab. The cadmium 
ome befor — eee — has we 
conductivity and surpasses all military specifications 
for corrosion resistance. In the olive drab finish the 
connectors are non-reflecting. 


1-501 BLUE DIELECTRIC ampxenot AN con- 


nectors use as dielectric the new 1-501 diallyl phthalate 
resin-based molding compound. Developed by 


AMPHENOL, this material combines the — re- 
quirements of nearly perfect dimensional stability, high 


AMPHENOL CATALOGING Because of the diver- 


sity of the AMPHENOL line, there is a Mewins 
catalogs and allied-literature published by OL. 

For general information about the AMPHENOL line, 
Catalog B will prove most useful. Where more specific 
information is required, Catalog A, AN connectors and 
a and Catalog D, RF cables and connectors, 
sh be requested. Catalog C is an “OK Methods 
Manual” of i for proper assembly of cables 


AM PHENOL 


‘contacts. Now standard on all AMPHENOL A 


PIN REAR INSERT COUPLING RING 


weer AND 
RETAINER RING 


3 HOLES FOR SAPETY WIRING 
SPLIT BACK SHELL 


the basic requirements of the specifications and 


' are unique with AMPHENOL. 


AMPHENOL’s pioneer work in improvin 
AN connectors has often been recognized b 
the inclusion of AMPHENOL-developed 


| changes in government specifications. The 1-501 


blue dielectric and gold-plated contacts are ex- 


\ amples of how AMPHENOL initiative has re- 


sulted in better A N connectors. 


insulation resistance in the — hen tempera- 
tures and high humidity combined, and arc resist- 
ance. 1-501 has a lifetime shrinkage of less than 0.3%. 


GOLD PLATED CONTACTS the newest im- 


|. provement on AMPHENOL AN connectors, and one of 


the most significant, is the conversion to gold-plated 
con- 
nectors, gold-plated contacts have many advantages, 
including superior contact surfaces, an end to the 
roblem of oxidation and easier, faster soldering. 

ld-plated contacts on AN connectors are unique 
with AMPHENOL and may be obtained only by the 
specification of AMPHENOL. 


and connectors. As these four catalogs are being con- 
tinually revised and brought up to date, a new suffix 
number is attached to the catalog letter for each issue. 
In all cases, a request for catalogs will produce only 
the latest issue. ; 

Among the special literature published by AMPHE- 
NOL are the Engineering News, new products listings, 
RF Cable and Connector Selector. Slide Rule and mis- 
cellaneous bulletins on new AMPHENOL components. 


AMERICAN PHENOLIC CORPORATION Chicago 50, Illinois 


Amform 2288-103325 — Printed in U.S.A. 
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wmps are for Horses 
... NOT /or magnetic fape 


That's why you need SOUNDCRAEFT Micro-Polished* Tape. 
No Raised Spots! No Roughness! No Jumps! 
It's Smooth right from the start! 


Under the microscope, magnetic tape 
may look like a steeplechase — replete 
with all the “jumps.” As you record, 
these jumps—minute raised spots char- 
acteristic of all coating processes —mo- 
mentarily separate large enough areas 
of the tape from the recording head to 
appreciably interrupt high-frequency 
fesponse. On some equipment, they 
May even cause signal dropouts. 


The Answer Is Micro-Polish 
But Reeves SOUNDCRAFT eliminates 
the “jumps” with its exclusive Micro- 
Polish process, assuring the most com- 
plete head contact possible right from 
the start. That’s because Micro-Polish 
hooths off the microscopic nodules by 


subjecting the ferrous oxide coating to 
high-precision polishing. It leaves the 
surface mirror-smooth, and precondi- 
tioned for immediate, stable, high- 
frequency response. 

Breaking in tape by running it 
through the recorder, with accompany- 
ing head wear and waste of time, is a 
thing of the past. 


Other SOUNDCRAFT Advantages 
In addition, SOUNDCRAFT Recording 
Tapes are pre-coated with a special for- 
mulation to give utmost oxide adhesion, 
and prevent curling and cupping. 

All tape is dry-lubricated to eliminate 
squeals and carries a splice-free guar- 


antee on all 1200- and 2500-foot reels. 


ea ENO raceme eit 


REEVES 


SOUNDCRAFI 


CORP. 


10 East 52nd Street, Dept. N 


New York 22, N. Y. 
*Pat. Applied For. 
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"Project Tinkertoy —Automatic Production of Ele 


ctronic Components 


Tinkertoy module (1) ‘comprises stack of steatite wafers upon which are mounted silver conductors, tape resistors and capacitors, as well 
as tube. In module assembler (r) parts-mounted wafers are loaded in feeders that issue single, oriented wafers into stacking jig. Simultaneous 
soldering operations bond riser wires to the wafer notches. This is one of a series of automatic production machines described on page 70 


Project Tinkertoy is the code 
name of a program to develop a 
mechanized production system for 
electronic components to meet 
emergency military needs. The 
project was sponsored by the Navy 
Bureau of Aeronautics in June 1950, 
and carried out by the National Bu- 


reau of Standards, in cooperation 
with several companies. The result 
of this industrial preparedness pro- 
gram is an operating plant turning 
out printed capacitors and resistors 
on ceramic wafers. The wafers are 
stacked to make up a neat module. 
The modules are combined to make 


up a subassembly, These parts un- 
dergo 100% inspection. 

Exactly how this new departure in 
automatic production is accom- 
plished, and what the $4,700,000 
Project Tinkertoy means to the 
electronic industries, is explained on 
page 70. 


NTSC Color TV Showing a Resounding Success 


Full-dress technical display of compatible standards shown to FCC 


A demonstration utilizing compat- 
ible color TV standards proposed by 
the National Television System 
Committee was conducted in New 
York’s Waldorf-Astoria Hotel on 
Oct. 15. It was witnessed by mem- 
bers of the FCC and the TV industry 
try. The quality of the color pictures 
was excellent, and all receivers per- 
formed without a single failure. 

Thirteen manufacturers supplied 
color receivers. to display the pic- 
tures transmitted during four tests. 
They are: CBS-Columbia, Hazel- 
tine, Admiral, Zenith, Hallicrafters, 
Westinghouse, Sylvania, Crosley, 
RCA, General Electric, Motorola, 
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Philco and Emerson. 

Three broadcasting companies co- 
operated in showing the culmination 
of over a million engineering man- 
hours. In the first test, a live pick-up 
from the Colonial Theater was 
transmitted by Telephone Co. cir- 
cuit to NBC studios, and then broad- 
cast by WNBT, channel 4, atop the 
Empire State Building. 

The second test was a closed cir- 
cuit transmission employing both 
coaxial cable and microwave :relay 
from NBC in New York to Washing- 
ton, D.C., and back again. The 
routes were 540 mi. for radio, and 
500 mi. for coax. 


& 


The third test was a live outdoor 
pick-up by CBS using a 7000 mc 
link to WCBS-TV, channel 2, at Em- 
pire State, which broadcasted the 
program. 

The fourth test consisted of NTSC 
test slides transmitted by DuMont in 
New York in the UHF band, 708- 
714 mc. 

For schematic diagrams of the 
tests and demonstration facilities see 


page 148. 


MORE NEWS 
on page 15 
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Reasons why 
E-V is STANDARD EQUIPMENT 


LIGHT WEIGHT—SMALL SIZE 


Comparison shows how much lighter in 
weight E-V units are than bulky, less sensi- 
tive microphones. The Model 655, for ex- 
ample, weighs only 11 ounces. Smaller 
microphone with matte gray finish is natu- 
rally unobtrusive and scarcely noticed if 
it gets into the picture. 


RUGGED—INDESTRUCTIBLE 


Use of the bliast-proof, ge se i 
E-V Acoustalloy diaphragm, enables these 
microphones to withstand the most severe 
shock without fear of internal damage. 
Even after immersion in water, operating 
characteristics are unaffected. This means 
long, trouble-free, economical service un- 
der all types of operating conditions. 


WIDE-RANGE—STABLE 


Because these dynamic microphones utilize 
the exclusive E-V Acoustalloy diaphragm, 
they are virtually flat across the entire 
reproduced range. Furthermore, the frontal 
cavity in each is used to load acoustically 
the diaphragm itself for extended high- 
frequency range. 


E-V Slim-Trim models have integral blast 
and wind shield. This feature eliminates 
bloops and pops from explosive labial 
sounds, insures clean quality throughout 
the program with the maximum of maneu- 
verability, and solves critical placement. 
: Location work outside with high ambient 

4) wind nolee: is made practical and easy. 


and 


MODEL 650 DYNAMIC 


external mount. 
List, $150 Net, $90 


MODEL 654 DYNAMIC 
Response 50-13,000 cps, 
+ 2.5 db. Power rating 
—55 db*. Omnidirec- 
tional. 50-250 ohm im- 
pedance selector. Inte- 
ral breath-blast filter. 


ist, $95 Net, $57 


Division for 
helpful 
information. 


ist, $75 


MODEL 646 DYNAMIC 


Small size. Response 
Paes . cps, + 2.5 db 
in high range, spe- 
cially compensated for 
chest operation. Power 
rating —57 db*. Omni- 
directional. Integral 
blast filter. Choice of 
50, 150 or 250 ohms. 
List, $140 


MODEL 655 DYNAMIC 
Response 40-15,000 cps, 
+2 db. Power rating 

- Omnidirec- 
Integral blast 

. 250 ohms imp. 
Easy change to 50 ohms. 
List, $200 Net, $120 


E-V dynamic microphones 

are in daily use on network and 
local telecasts and broadcasts— 
in the studio and on remotes— 
indoors and outdoors. They give 
more in-service operating hours. 
Smooth, peak-free, wide-range 
response and wide acceptance 
angle enhance naturalness in the 
reproduction of voice and music. 
No closely associated auxiliary 
amplifier equipment is required. 
Each E-V microphone is 
guaranteed to be within its very 
close tolerance specifications. 
Standard connectors. TV gray 
and satin chromium finishes. 


lechro Yorce 


BUCHANAN 
*Reference Level: 1 mw/10 dynes/cm? Export: 12 Boats 


MiCHtHG A’'N 
Oth St., New York 16, U.S.A. Cables: Arla 


IT’S SUPERIORITY 


Though they all looked like potential Kentucky 
Derby winners and all had an equal opportunity, 
only Dark Star had the swiftness and the stam- 
ina to break the ribbon first. He proved his 


superiority. 


CAPACITOR 


Don’t wait to see whether you’ve bet on a winner. a wide margin of first-class performance. 

Buy El-Menco Capacitors that have already proven 

their superiority . . . because they’ve all been face Choose either the midget CM-15 (2-525 mmf. cap) 
tory-tested at more than double their working or the mighty CM-35 (5-10,000 mmf. cap). Both 
voltage. Even under the most adverse conditions will always prove their superiority in any military: 


of application, with an El-Menco Capacitor there’s or civilian service. 


Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 


St., New York, N. Y. — Sole Agent for Jobbers WRITE FOR FREE SAMPLES 
and Distributors in U. $. and Canada. AND CATALOG ON YOUR a 
FIRM’S LETTERHEAD 4 


vow well LENCO... 


CAPACITORS 


Foreign and Electronic Manufacturers Get information Direct from ovr Export Dept. at Willimantic, Conn. 


THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 
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As We Go To Press... . (Continued) 


Compact Navigational Radar Developed 


Raytheon Mfg. Co. has developed 
a navigational radar system particu- 
larly suited for small and medium 
commercial ships and pleasure craft. 
It features small size, moderate cost 


New radar helps skipper of ocean-going tug 
thread his way through crowded harbor in fog 


and retains all “big ship” type fea- 
tures. Designated the “Mariners 
Pathfinder” Model 1500, the radar is 
made up of just two units requiring 
only three interconnecting cables. 

The elimination of waveguide is 
made possible by including the 
transmitter in the antenna assembly. 
The low loss from this source, cou- 
pled with that of a balanced crystal 
mixer, enables the use of a low- 
power transmitter (7 kw peak 
power) while getting detection 
ranges equivalent to much higher 
powered transmitters. The Model 
1500 is capable of detecting targets 
at ranges of 50 yards or less. 

System elements which are lo- 
cated in the antenna include the 
magnetron, local oscillator, T-R 
tube, balanced crystal mixer and 
cascade preamplifier. The remainder 
of the receiver and of the system 
power supplies are located in the 
indicator. 


SPEED-MEASU 


Radar dish (inset) is aimed at plane coming in for a landing on aircraft 
carrier, Signals are converted into speed indications on Raytheon 
equipment in front of Landing Signal Officer, who by his wig-wag 
flags can tell pilot whether he is coming in at safe landing speed 


Airborne TV Broadcast 


A novel approach to TV broadcast- 
ing was made in San Francisco when 
“Exclusively Yours” program origi- 
nated from a giant Douglas C-124 
Globe-master plane as it circled 
about 3,000 feet above the Bay Area. 
Program was seen over KRON-TV. 
Contact with the ground was by 
means of a special microwave link. 


Part of KRON-TV's crew at open hatch of plane 

teady to beam TV picture to ground. Shown are 

(I! to r) Chief Engineer L. Berryhill, A. Kohn, J. 

aaa (kneeling), F. Street, and R. Woodruff 
ng) 


at 
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Flight Simulators 
in Production 


Headed by Gen. Benjamin W. 
Chidlaw, Commanding General, Air 
Defense Command, a group of high 
government and military officials 
recently reviewed the mass-produc- 
tion facilities installed at the Union 
Switch & Signal division of West- 


Pilot practices using instruments and radar 
controls in trainer simulating F-86D Sabrejet 


inghouse Air Brake Co. for the as- 
sembly of the U. S. Air Force F-86D 
flight simulators. 

The model being produced is a 
control-for-control, cockpit repro- 
duction of an improved version of 
the F-86 Sabrejet. Used both as a 
trainer for new pilots and as a pro- 
ficiency aid for the more experi- 
enced, the simulator infallibly re- 
produces—with sound effects—al- 
most all the conditions and hazards 
the Air Force Pilot encounters. Over 
25 miles of wire, some 1300 vacuum 
tubes, and 300 separate chassis as- 
semblies are used in the construc- 
tion of each simulator. 


RCA Color TV 
Circuits Available 


RCA has announced that is mak- 
ing available to its licensees full 
design and performance details on 
its color TV receiver. Developmental 
kits are also being offered. 


NPA Successor Set Up 


The Department of Commerce has 
set up a new organization—the Busi- 
ness and Defense Services Adminis- 
tration—to continue the remaining 
mobilization functions of the former 
National Production Authority, and 
to consolidate the activities of five 
current offices in the Commerce: De- 
partment. Among the 25 industry di- 
visions within the new BDSA is the 
Electronics Division headed by Act- 
ing Deputy Director Donald Parris. 


MORE NEWS ) 


-on page 17 
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GOT AN INSULATING 


PROBLEM? 


rave ww MIGABURL 


C-D-F, expert in insulation, uses superior grades binders. All Micabond Tapes are hand laid. The 
of mica, places it for complete leak-proof coverage, large India mica splittings used retain their electri- 
and applies strong, pliable electrical insulating cal insulating properties at elevated temperatures. 
BR ADE PAPER BOTH SIDES GRADE SILK ONE SIDE, PAPER ONE SIDE 
9 All edges overlapped, faced on each side with strong, 94 Bonded with flexible insulating cement. Backed 
tough tissue paper. Flexible binder will not dry out with .001” silk, and faced with tissue paper on other 
under ordinary conditions. Thickness .005”, .007”. side, Silk gives tape good tensile and tear strength. Good di- 
electrically, this tape meets all normal requirements, Thick- 
COTTON CLOTH ONE SIDE, PAPER ONE SIDE ness .005”, .007”. 
GRADE Bonded with flexible binder. Backed on one side SILK BOTH SIDES 
with thin cotton insulation cloth, faced with tissue GRADE 


98 Bonded with flexible, non-slipping binder. Thin silk 

is used for facing on both sides. High tensile 
ance. Use where moderate high voltages are encountered, strength. Fine tear resistance. Excellent dielectric strength. 
where space is not limited. Thickness .006”, .008”. The ideal tape for ease of application . . . use where space is 
limited. Thickness .005”, .007”. 


\ paper on other side. High tensile strength. Good tear resist- 


BRADE CELLOPHANE\BOTH SIDES 
; ‘ reas a : Silicone Bond, Fiberglas cloth one or both sides for class 
2? Faced on both sides with .001" thick moisture-proof H insulation. This inorganic tape withstands temperatures 


50°C—75°C higher than organic bonded material. Thickness 
strengths. Not quite so pliable. Thickness .005”, .007”. .004”, .006”. 


cellophane. Unusually high tensile and dielectric 


Write now for Micabond Catalog. Call your C-D-F sales engineer (sales 
offices in principal cities). His special knowledge and experience will 
help save you time and money. He’s a good man to know! 


© dandy 


NEWARK 101, DELAWARE 


TRE NAME TO REMEMBER 
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hs We Go To Préss .. . (Continued) 


Slice-Away Batteries for Transistor Use 


"Slice-Away" battery assemblies for transistor 
use can be sliced Into numerous combinations 
of odd-lot voltage supplies. Both assemblies 
are 21-volt special-purpose types containing 15 
individual 1.4 volt crown-type alkaline dry cells 


Two novel types of RCA alkaline 
battery assemblies which can be 
sliced, like a package of candy mints, 
into numerous combinations of cells 


to provide different voltage require- 
ments were announced by the Tube 
Department of the RCA Victor Div. 
The unusual battery assemblies are 
intended specifically for equipment 
designers and experimenters ex- 
ploring application possibilities of 
transistors. These battery assem- 
blies are expected to facilitate tran- 
sistor-circuit experiments because 
they permit rapid assembly of 
power supplies not readily available 
in standard commercial batteries. 
Both RCA “slice-away” battery 
assemblies (VS087, up to 2 ma and 
VS088, up to 10 ma) are 21-volt 
special-purpose types. Each contains 
15 individual 1.4-volt crown-type 
alkaline dry cells firmly encased in 
a plastic sleeve. Each cell is indi- 


Low-Noise Radar Tube 


A new metal-and-ceramic receiv- 
ing tube, with a noise figure of 8.5 db 
or better, and a power gain of 16 db 
at 1200 mc has been developed by 


Co-planar triode for 3000-MC operation 


General Electric. The tube, type 
GL-6299 is designed to offer a solu- 
tion to some of the military UHF 
high noise-level problems in lower 
frequency radar equipment. It is a 
co-planar triode designed specifically 
for use as a low-level Class A r-f 
amplifier operating at frequencies as 
high as 3000 mc. It is 1 in. long, 
weighs \% oz., and is gold-plated. 
Other applications of the tube may 


TELE-TIPS 
Begin on Page 52 
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be made in aircraft communications 
circuits, in radiosonde receivers, and 
in UHF beacons and beacon re- 
ceivers. At 400 mc, a noise figure of 
4 to 5 db is obtainable. The tube also 
has a wide variety of non-military 
applications. 


cated by a pair of ridges which are 
formed in the plastic sleeve by the 
scalloped edges of the metal caps of 
the cell. Various power require- 
ments from 1.4 volts to 21 volts, can 
be obtained quickly by slicing a sec- 
tion having the necessary number 
of cells. 


COLOR TV RECEIVER 
TO GO ON SALE 


Benjamin Abrams, President of Emerson Radio 
and Phonograph Corp., is shown with the set 
reported to be the first commercial compatible 
color TV receiver styled for home use and 
designed for mass production. This Model C-500, 
a console ensemble with a 16-inch tube pro- 
viding a 14-inch picture, will be sold for $700 
soon after system approval by the FCC 


COMING EVENTS 


1953 

Nov. 2-6—AIEE, Fall General Meeting, 
Muelebach Hotel, Kansas City, Mo. 

Nov. 4-6—17th Annual Time and Mo- 
tion Study and Management Clinic, 
sponsored by IMS, Sheraton Hotel, 
Chicago, Ill. 

Nov. 9-12—Conference on Radio Mete- 
orology, Univ. of Texas, Austin, 
Texas. 

Nov. 12-13—IRE Professional Group on 
Vehicular Communications, Hotel 
Somerset, Boston, Mass. 

Nov. 13-14—IRE Annual _ Electronics 
Conference, Hotel President, Kansas 
City, Mo. 

Nov. 17-19—RTMA, Palmer House, Chi- 
cago, Ill. 

Nov. 18-20—AIEE-IRE, Conference on 
Electronic Instrumentation in Nu- 
cleonics and Medicine, Hotel New 
Yorker, New York, N.Y. 

Dec. 8-10—AIEE-ACM-IRE, Eastern 
Computer Conference, Statler Hotel, 
Washington, D.C. 

1954 

Jan. 18-22—AIEE Winter General Meet- 
ing, Hotel Statler, New York, N.Y. 

Jan, 25-27—Plant Maintenance & Engi- 
neering Conference, Hotel Conrad 
Hilton, Chicago, Ill. 

Jan. 25-28—Plant Maintenance & Engi- 
neering Show, International Amphi- 
theatre, Chicago, III. 


Jan. 27-29—Tenth Annual Technical 
Conference of the Society of Plastics 
Engineers, Royal York Hotel, Toronto, 
Can. 

Mar. 15-19—NACE Tenth Annual Con- 
ference and Exhibition, Kansas City. 

March 22-25—IRE National Convention, 
Waldorf-Astoria Hotel and Kings- 
bridge Armory, New York, N. Y. 

April 24—Eight Annual Spring Techni- 
cal Conference, IRE Cincinnati Sec- 
tion. 

April 26-30—Tenth Biennial ASTE In- 
dustrial Exposition, Philadelphia 
Convention Center, Phila., Pa. 

May 4-7—1954 AWS National Spring 
Technical Meeting, Hotel Statler, 
Buffalo, N.Y. 

May 5-7—AIEE Northeastern District 
Meeting, Schnectady, N.Y. 

May 5-8—1954 Welding and Allied In- 
dustry Exposition, Memorial Audi- 
torium, Buffalo, N.Y. 

May 7-9—AFCA National Convention, 
Shoreham Hotel, Washington, D.C. 
June 21-25—AIEE Summer General 
and Pacific Meeting, Hotel Biltmore, 

Los Angeles, Calif. 


Armed Forces Communications Ass’n. 
American Institute of Electrical Engineers. 
American Society of Tool Engineers. 
AWS: American Welding Societ 

IMS: Industrial Management iety. 

TRE: Institute of Radio Engineers 

ae National Association Corrosion Engineers. 
RETMA: Radio-TV Manufacturing Association. 
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We have used every type of GA &F Carbonyl Iron 
Powder thus far produced. The overall quality 
and batch-to-batch uniformity of your products 
have always been gratifying to us. Because of 
this product dependability, we feel that incoming 
inspection of your powders is unnecessary. 


President 


e - 


Pyroferric Company, Ine. 
621 East 216th Street 
New York 67, N. Y. 
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435 HUDSON STREET - NEW YORK 14, NEW YORK 
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Division of GENERAL DYESTUFF CORPORATION 


ity 


that makes inspection unnecessary 


GA &F Carbonyl Iron Powders are used to 
produce cores for transformer and inductor 
coils—to increase Q values, to vary coil in- 
ductances, to reduce the size of coils, to 
confine stray fields and to increase trans- 
former coupling factors. 


These powders are microscopic, almost per- 
fect spheres of extremely pure iron. They 
are today produced in eight carefully con- 
trolled. types, ranging in average particle- 
size from three to twenty microns in dia- 
meter. The Carbonyl Process. assures the 
quality and uniformity of each type. 


We urge you to ask your core maker, your 
coil winder, your industrial designer, how 
G A & F Carbony] Iron Powders can increase 
the efficiency and performance of the equip- 
ment or product you 
make, while reducing 
both the cost and the 
weight. We also invite 
eres) inquiries for powders 
whose performance 
characteristics are 
different from those 
exhibited by any of 
our existing types. 


This 32-page book 
offers you the most 
comprehensive _treat- 
ment’ yet given to the characteristics and 
applications of GA&F Carbonyl Iron 
Powders. 80% of the story is told with photo- 
micrographs, diagrams, performance charts 
and tables. For your copy—without obliga- 
tion—kindly address Department 60. 


ANTARA 
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REMEMBER 
— 


FOR FUSES 
THE INDUSTRY'S “PP2ost Complete, LINE 


Here’s why it pays to get all your fuses 
from this one reliable source: Plus A COMPLETE LINE OF 


More than a third of a century of service _ FUSE CLIPS, BLOCKS AND HOLDERS 
stands behind every fuse that bears the 
BUSS trademark. Your customers have 
faith in BUSS fuses. They know that 
the BUSS name represents fuses of 
unquestioned high quality. 


To maintain these high standards, each 
BUSS fuse is electronically tested for 
correct calibration, construction and physical 
dimensions. 


@ On Special Electrical Protection Problems 
Consult BUSS Fuse Engineers ... 
They will gladly help you select the fuse 
that suits your needs best . . . if possible, 


a fuse available from local wholesalers’ 
stocks. 


Bussmann Mfg. Co., University at Jefferson 
St. Lovis 7, Mo. (Division of McGraw Electric Co.) 


Please send me bulletin SFB containing facts on BUSS small dimen- 
sion fuses and fuse holders. 
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FOR MORE INFORMATION 
mail this coupon today 
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PRECISION wire wound 


compact 


AXIAL LEAD SERIES 


Hard usage 


presents its new... 


Designed for: Dependable 
Tight spaces Conservatively rated 
Terminal board mounting For JAN-R-93A spec. 
Printed Circuits Type RB-51 


Specifications: 
Power Rating: 4% to 1 watt 


Resistance Range: 1 ohm to 2 megohms 
Size: 4%" Dia. X V2" Long to 
7/16" Dia. X 1%" Long 


Tolerance: 1% to .05% 
Non-Inductive Winding 


Available with high stability type “E’’ 20 ppm/°C wire. 


RESISTORS 


Temp: Range —55°C to +105°C 
Humidity Proof 


Prompt delivery of needed 
samples in approx. two 
weeks; production quanti- 
ties in four weeks. Write or 
phone for complete speci- 
fications or samples of the 
axial lead series or for in- 
formation on any standard, 
commercial and special 
types. Request our appli- 
cation sheet. 


3A 


Some REON types 


Subminiature 


Axial 


As We Go to Press... 


New Tantalum Capacitor 
Companion For Transistor 


A tiny tantalum capacitor, one of 
the smallest high capacity units ever 
designed for low voltage, de applica- 
tions, has been announced by Gen- 
eral Electric. It will make possible 
further size reductions in miniatur- 
ized assemblies using transistors, The 
new unit measures %¢ in. long and % 
in. in diameter. 

The unit is sealed against leakage 
or contamination and utilizes a non- 
acid electrolyte. It is designed to op- 
erate over a temperature range of 
— 20° C to +50° C and is suitable for 


New tantalum capacitor is compared here 
with a wooden match. It has a diameter of 
1/8 in. and a length of 5/16 in., and is 
the first in a new line of ‘“micro-miniature” 
capacitors for miniaturized equipment 


storage at —65° C. The new unit is 
available in ratings from 2 to 16 volts, 
4 to 0.7 uf respectively. Another, 
larger capacitor, 0.5 in. long with 
similar characteristics and the same 
voltage range, but with 8 to 1.5 uf, 
has also been announced as available. 

The capacitors have a tantalum 
anode oxidized to the voltage rating, 
enclosed in a silver case, and im- 
pregnated with non-acid solution. A 
synthetic plug in the end of the case 
is roll-crimped into place and a sol- 
derable tin-coated nickel lead is 
lap-welded externally to the pro- 
jecting tantalum anode lead, permit- 
ting connection up to the case. The 
case itself is the cathode, and is 
equipped with a tin-coated copper 
lead soldered to the case. The units 
are of the polarized type. 


A LETTER 


describing one of the early 
uses of the word “electronic” 
in Germany appears on page 30 


——, 


x. 
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| CLEVELITE 


Yes, there IS a Grade for every need! 


Its high dielectric strength, low moisture absorption, mechani- 
cal strength, low loss and good machinability, are essential 
characteristics of the component parts of your products. 


The world-wide use of CLEVELITE is the result of High 
. Quality and Fine Service. 


Tell us your needs. Our Laboratory staff and our large pro- 


duction facilities are at your disposal. 
Each day 


sees some Send for our new folder with complete details on the SEVEN 


GRADES of CLEVELITE and their applications. 
new problem 


solved by the CLEVELITE MEANS HIGH QUALITY! 


outstanding * Reg. U. S. Pat. Off. 


electrical 


and physical dhe CLEVELAND CONTAINERGS 


ca 6201 BARBERTON AVE. CLEVELAND 2, OHIO 
properties of PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wise, Ogdensburg, N. Y., Jamesburg, N. 2. [ 


CLEVELITE. ABRASIVE DIVISION at Cleveland, Ohio 


CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


REPRESENTATIVES 


NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE. EAST ORANGE, N. J. s 
NEW ENGLAND B.S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. F 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE. CHICAGO f 
WEST COAST IRV. M. COCHRANE CO,, 408 S. ALVARADO ST., LOS ANGELES 
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TRUSCON 


Offers You 
The Top Talent 
In Towers 
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@ Truscon knows towers. Truscon 
engineers have designed and built 
many hundreds of towers which 
now stand strong and tall in all 
parts of the world ... in all types 
of topography . . . and exposed to 
all extremes of wind and weather. 


Recently, Truscon completed the 
world’s tallest radio towers. Today, 
Truscon’s extensive tower experi- 
ence is unmatched. 


ny 
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Truscon manufacturing facilities 
are modern and efficient—geared to 
quality production of guyed and 
self-supporting towers .. . tall or 
small . . . tapered or uniform in 
cross-section .. . for AM, FM, TV 
and Microwave transmission. 


Truscon has the talent you need to 
help you get and maintain the 
tower performance you demand. 
Your phone call or letter to any 
Truscon district office, or to “tower 
headquarters” in Youngstown, will 
s your tower program as soon 


s 


as defense requirements allow. 


TRUSCON STEEL 
DIVISION 


REPUBLIC STEEL CORPORATION 
1092 Albert Street 
Youngstown 1, Ohio 


HAT 


iA 


wie 


TRUSCON®—a name you can build on 
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HT MISS THIS... 
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€ i g/ Handy New Guide to 
er Vay WR and ATR Tubes 


Yours 


from Sylvania | 


Be sure to get one of these time-saving reference guides to Sylvania’s 
complete line of TR and ATR Tubes. 


At a glance it tells you about power rating and frequency, and shows which tubes 
are band-pass and which are tunable. Color code identifies power rating 
quickly and accurately. Folds to compact, wallet size. 


If your Sylvania Representative can’t supply you, mail the coupon for a copy NOW! 


Sylvania Electric Products Inc. 
Dept. 3E-3011, 1740 Broadway, 
yy New York 19, N. Y. 
Please send me a copy of the new handy guide to TR and 
ATR Tubes. 


In Canada: Sylvania Electric (Canada) Ltd. Name. 
University Tower Bldg., St. Catherine St., Montreal, P. Q. 


Street 


LIGHTING - RADIO - ELECTRONICS - TELEVISION City Zone Sete, 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


* Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


* Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


%* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 


eeormecvcereeeeeeseereeeeseee ee eee @ 


HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current and 
hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal Cores 
are commercially available to meet high standards of physical and 
electrical requirements. They provide constant permeability over a wide 
range of flux density. The 125 Mu cores are recommended for use up to 
15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, and 14 Mu at 50 to 
200 kc. Many of these cores may be furnished stabilized to provide 
constant permeability (+0.1%) over a specific temperature range. 


*Manufactured under license arrangements with Western Electric Company wan 4746 
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VARI-FOCAL 
LENS 


with the HU 


(3” to 15” or 
6” to 30” range) 


One camera and a GPL vari-focal lens 
equals the work of two or more chains... at 
only the cost of a lens. One camera can handle ont 

an entire show, for the lens has a 10:1 change in 

focal length in two 5:1 steps—from 3 to 15 inches The GPL Vari-Focal Lens is sslujreabie to image 
and 6 to 30. One camera can be used in studio orthicon cameras of all types. 

or field with either range. Interchangeable back 


elements provide quick shift of two ranges. Now in network use, this lens offers station 


operators new scope in camera work —new econ- 


Fully color-corrected, this lens has perfect omy in making twins of any camera. 
overall focus at £/5.6 or higher numbers, in 3-15 
range. Flat field over entire range. Motor driven Write, wire or phone for full optical and me- 
lens is operated from camera or control room. chanical specifications. 


wmmn(ienieral_ Precision rtp — Leh p= Oran oa 


INCORPORATED Cable address: Prelab 
_PLEASANTVILLE NEW YORK 


Camera Chains © Film Chains © Field and Studio Equipment * Theatre TV Equipment * GPL-Continental Transmitters ° 
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Developmental color-FEY ¢ 


~ 
ek 


WILL HAVE THEM FOR YOU! 


TRI-COLOR PICTURE TUBES 


7" first color-TV sets will be expensive 


to build. For one thing, their large tube 
complements will be made up of types not 
designed for color-circuit applications. 


Aluminized glass, in the needed sizes 


New receiving tubes to improve color-TV 
circuit efficiency and economy, such as: 


SYNCHRONOUS DETECTOR 


From the start, designers and builders 
will strive to cut color-chassis costs, in 
order to bring down receiver prices and 
profit from the wider market these 


HIGH-VOLTAGE REGULATOR reductions will create. 


G-E tube designers already are working 
TRIPLE DIODE snes that end! At left are mae of sao 
tubes in development. Each will help give 
you one, or both, of these benefits: 
(1) a more efficient, simpler color circuit, 
(2) fewer tube sockets to be filled. 


HIGH-CURRENT 
FULL-WAVE RECTIFIER 


Make the most of tomorrow’s massive 
opportunity in color TV by planning 
ahead for lower set prices! Get in 
touch zow with your G-E tube 
commercial engineer! 


HIGH-VOLTAGE RECTIFIER 


HIGH-CURRENT 
DAMPING DIODE 


Phone, wire, or write the General Electric tube engineer nearest you! 


CHICAGO CLIFTON, N. J. LOS ANGELES 


R. E. BERRY W. E. CRONBURG R. R. W. LACY 
C. J. BIVER W. R. RATE 


3 
H. W. A. CHALBERG F. W. TIETSWORTH 
e e Tube Department 


General Electric Company 
11840 West Olympic Bivd. 
Los Angeles, Calif. 


Tube Department Tube Department 
General Electric Company General Electric Company 
3800 North Milwaukee Ave. 200 Main Avenue 


Chicago 41, Ill. Clifton, N. J. ad 


3 e Phone: BRadshaw 2-8566 
Phone: SPring 7-1600 Phone: GRegory 3-6387 or ARizona 9-7765 


N 


GENERAL @ ELECTRIC 


- | 162-1A3 


tyro ex 


COAXIAL CABLE 


for High-Power 
Low-Loss Microwave Communication 


@ One joint-free continuous length of semi-flexible 
cable from transmitter to antenna. 


®@ Constant, smooth electrical properties regardless 
_ of ambient temperature variations or load cycling. 


@ Attenuation of cable is permanent throughout its 
almost endless operating life. 
* mt. & 
To insure dependability, always insist on Styroflex 
as a component of your microwave system. 


PHELPS DODGE COPPER PRODUCTS Fi 


SORPORATION 


40 WALL STREET, NEW YORK 5,N.Y. 
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| >FIRS Tc« 
50xw TV 


TRANSMITTER 
NOW ON THE AIR! 


MORE POWER TO... 


CHANNEL 13 

WA Bl BIRMINGHAM 
ALABAMA 
(FORMERLY WAFM-TV) Z 


-  §TANDARD ELECTRONICS DELIVERS 
TOMORROW'S EQUIPMENT T ODAY > 


S& Standard Electronics Cor 
ISE Standard Electronics Corp. 


“= 285-289 EMMETT STREET * NEWARK 5, N. J. 
err RONS 


FOR RAPID, 


| 
PRECISE | 
DIRECT- READING | 
FREQUENCY | 
names «=! ERKELEY) =f 
to 150 Megacycles F-2 Frequency Meter 


DESCRIPTION: The BERKELEY Series F-2 Frequency Meter is a 
precise direct-reading instrument for the measurement of fre- 
quencies from O cps to 150 mc. Basic sections are (1) the Model 
5575 VHF Converter,* (2) the Model 5570, which contains a 
HF Heterodyne unit and (3) a high speed 8-digit Events-Per- 
Unit-Time meter. Frequencies up to 42 mc. are read directly on 
the 8-digit EPUT panel, Frequencies between 42 and 150 mc. 
are applied through the VHF Converter; reading is the sum of a 
rotary selector switch marking and the EPUT indication. External 
adjustment of crystal control to WWY is provided to obtain an 
accuracy of 1 partin 10’, + 1 cycle. 


*NOTE: Model 5575 Converter is available separately for owners of BERKELEY 
Model 5570 42 mc. Frequency Meters, to extend range to 150 me. 


APPLICATIONS: Rapid, accurate transmitter monitoring, crystal 
checking, general laboratory and production line frequency 
determination, Addition of a BERKELEY Digital Recorder will 
provide an automatic printed record of the last 6 digits; ideal 
for plotting frequency drift or indicating stability. 


2S Ge es eee ee ee ee ee ee ee ee ee er re es es ee ee es 
| | 
| 
| | j | | 
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MODEL 5575 


MODEL 5570 


PECIFICATIONS 


RANGE: 0 cycle to 150 megacycles. 


ACCURACY: z+ 1 count, + crystal accuracy (short term: 1 part in 10°). 
POWER REQUIREMENTS: 117 volts, + 10%, 60 cps, 360 watts. 
INPUT REQUIREMENTS: Approximately .1 voit rms. (100 ohm impedance standard, 
100K on request). 
‘DISPLAY TIME: 1 to 5 seconds continuously variable. 
TIME BASE: 0.002, 0.02, 0.2 and 2 seconds. 
DIMENSIONS; Two cabinets; Model 5570, 32” high x 21” wide x 16” deep, 
Model 5575, 10142”x 21"x 16”, 
Series F-2 Frequency Meter complete ....... + «++ $2,590.00 
(f.0.b. Richmond) Model 5575 VHF Converter only ........eseeee08 $ 600.00 
Model 5570 Frequency Meter (0-42 mc.) ......6. $1,990.00 


Prices and Specifications subject to change without notice, 
Please request Bulletin 3-11 


Berkeley @zzee 


BECKMAN INSTRUMENTS INC, & 


2200 WRIGHT AVE., RICHMOND, CAL 


LETTERS.. 


First Uses of the Term 
‘‘Electronic”’ 


Editors, TeLe-TEcu: 

I just had a chance to see the short 
feature “Electronic” First Uses in 1833 
and 1929 in Tele-Tech May 1953 on 
page 60-61. 

You might like to know that the 
noun “Elektronik,” the German equi- 
valent of “Electronics” was part of the 
title of a German periodical “Jahrbuch 
der Radioaktivitét und Elektronik,” 
which easily translates into “Yearbook 
of Radioactivity and Electronics” of 
which 20 volumes appeared, published 
during the years 1905-1924. 

As you see from the enclosed photo- 
stat of the title page of the first volume 
of the “Jahrbuch” the board of editors 


Jahrbuch 


der 


Radioaktivitat und Elektronik 


Unter Mitarbert 


8. A. Arrhenive (siowkholn, P und Frau 8, Carte (Paris), J, Cater und 4. Geltet 
Wolfentdttel) & Giese (Braunschweig), & Mofmane (Minvhoo), W. March: 
wald Merlin), & Rethorferd (Montrval), F Seddy (London, W Wien Wartburg, 


Und unter besonderer Mitwirkung 
vow 
WH. Beoqueret in Paris und Sir Wittiem Remeay in Loudon 
Neravegegeden 
vo 


Johannes Stark 


tm Gottiogen 


Erster Band 
1904 


Mit 21 Figuren im Teat 


~~ - 


LEIPZIG 
VERLAG VON 8. HIRZEL 
ton 


consisted of distinguished scientists, as 
Monsieur and Madame Curie, Lord 
Rutherford, P. Becquerel, and other 
people of international fame. 

Unfortunately, this first volume of 
the “Jahrbuch” does not contain 4 
foreword in which the term “Elek- 
tronik” is exactly being defined, nor is 
anything said about its origin. 

The word “Elektronik” in the sense 
as it is now being applied to electronic 
art has only very recently been in- 
troduced into German usage. It is most 
likely that this time it has been 
adopted from the English term “Elec- 
tronics.” 

Hetmut Drussa 
Schrotteringksweg 9 
(24a) Hamburg 21, Germany 


TELE-TIPS 
begin on page 52 


POLARAD’S MODEL MSG-4 
1S A MASTERFUL 
COMBINATION OF 
ACCURACY — SIMPLICITY— 
LONGTIME RELIABILITY 


Frequency Range—7000 to 10,750 mes/sec 
FEATURES: 


An unusually accurate and reliable laboratory 
tool, the Model MSG-4 is invaluable in the completion 
of complex microwave engineering tests. 


In the factory, its simplicity of operation eliminates the 

need of microwave specialists at a time when highest 

quality must be maintained and economy is essential. Result: 
Exacting specifications are quickly verified and there are 
fewer rejects ... faster shipments . . . more satisfied customers. 


In the field, the military ruggedness of this versatile 
Signal Generator makes it possible to conduct vital tests 
under the most adverse conditions with laboratory accuracy. 


For long lasting reliability, exceptional accuracy and simplicity 
of operation—the Polarad Model MSG-4 is unsurpassed 
for use in factory, field or laboratory. For further details 
contact your nearest Polarad representative or write us direct. 


IMMEDIATE DELIVERY 


POLARAD ELECTRONICS CORPORATION 
100 Metropolitan Avenve, Brooklyn 11, N.Y. 


REPRESENTATIVES: Albuquerque ° Atlanta ° Boston * Chicago * Cleveland 
Fort Worth * KansosCity ° Los Angeles * New York 
Ontario * Philodelphia * SanFrancisco * Seottie ° Syracuse 
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TIME PROVED 


Eimac 4W20,000A gives 25 kw peak 
sync power output through channel 
13 with only 500 watts driving power 


FOR THREE YEARS THE EIMAC 4W20,000A 

has been proving itself an outstanding 

power tube in a variety of electronic appli- 

cations. In VHF-TV operation it gives an 

easy 25 kw peak sync power output with only 

500 watts driving power. This high power out- 

put with low driving power requirements is 
typical of Eimac radial-beam power tetrodes. 
Rugged 4W20,000A construction includes a ce- 
ramic envelope that minimizes losses and increases 
operational life. In pulse service, FM and TV opera- 
tion the 4W20,000A is the only time proved tetrode 
in its power class. 


Information about the 4W20,000A or 
any of Eimac’s complete line of electron 
e power tubes can be obtained by writing 


our Application Engineering department. 
rw BE . 
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REMEMBER, MERLIN, 
WAND WAVING IS 
STRICTLY HOCUS-POCUS! 


Pulling a rabbit out of a hat is fine 

for entertainment, we agree. But not even a 
magician can make good on the fantastic 
claims attributed to cheaper solders, the mystery 
alloys with a secret ingredient, that are 
supposed to equal the performance of higher 
tin content solders. Today, as always, Kester 
believes, the quality of the soldered connection 
is what counts... o¢ an infinitesimal 

saving. That’s why Kester Solder has been a 
“star performer” for more than 50 years! 


For your specific solder requirements, 

remember Kester “44” Resin, “Resin-Five’’ or Plastic 
Rosin-Core Solder . . . with exact core size or 
flux-content “tailored’’ to every job. 


AEOIER 


SOLDER COMPANY 


4210 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY + BRANTFORD, CANADA 
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where is the real future in electronics? 


Everyone has done a lot of military work . . . but it 
becomes more and more apparent pees day that the 
electronics industry must find new markets in the in- 
dustrial field. That is where the real future in elec- 
tronics lies! 

Westinghouse, as a leader in the production of industrial 
equipment, has the necessary sales, distribution and field 
engineers organized to enter this new market. Now is 
the time to Bet into our organization, so that when the 
industrial field expands, you will be in on the ground floor! 
This is not a case of an organization offering just a future! 
Salaries are open, commensurate with experience and 
ability. Our patent award plan is known and respected 
throughout the industry. There are excellent oppor- 
tunities for advanced study and degrees. The Westing- 
house Electronics Division offers all of the usual employe 
benefits, plus! 


investigate the real future! 


SYSTEMS ENGINEER 


DUTIES: Systems analysis and eval- 
uation; systems coordination; 
and systems test planning. In- 
volves feedback systems, com- 
puters, video systems, indi- 
cators, switching, etc., as 
applied to radar and missile 
guidance systems. 


REQUIREMENTS: 3 or more years' 
experience and a B.S. degree 
in Electrical. Engineering or 
Physics. 


TECHNICAL WRITERS 


DUTIES: For writing Engineering 
progress reports on advanced 
radar and missile systems. 


REQUIREMENTS: 3 years' experience 
and a B.S. degree in Elec— 
trical Engineering or Physics. 


INDICATOR DESIGN SPECIALIST 


DUTIES: Advanced development and 
design of new types of indi- 
cators for radar and missile 
guidance applications. 


REQUIREMENTS: 3 years' experience 
and a B.S. degree in Elec-— 
trical Engineering or Physics. 


MAGNETIC AMPLIFIER ENGINEER 


DUTIES: Design and application of 
magnetic amplifiers in such 
new fields as multi-vibrator 
and sweep circuits, in addi- 
tion to the more common 
applications. 


REQUIREMENTS: 3 or more years' 
experience and a B.S. degree 
in Electrical Engineering or 
Physics. 


TRANSFORMER DESIGN ENGINEER 


DUTIES: The development and design 
of pulse transformers, fil- 
ters, iron-core radio fre- 
quency transformers and 
advanced electronic trans— 
formers of all types. 


REQUIREMENTS: 3 years’ experience 
and a B.S. degree in Elec-— 
trical Engineering or Physics. 
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for WHF and |JHF Balanced-Antenna Measurements 


» The equipment illustrated is an 
tegrated and highly accurate system for the 
lasurement of impedance and VSWR of 
ther balanced or unbalanced circuits. This 
smbination of G-R Admittance Meter, 
lonstant-Impedance Adjustable Line, Balun 
nd Unit Oscillators has found wide applica- 
Mion. This system is now widely used in the 
Mesign, production testing and installation of 
both receiving and transmitting antennas. 
Measurements are rapid. The Admittance 
Meter’s scales are direct reading and inde- 
pendent of both frequency and calibration of 
the detector. By properly setting 
the Type 874-LK Constant- 
Impedance Adjustable Line, 
the Admittance Meter can 


be made to read directly the balanced im- 
pedance of the device under measurement. 


The adaptability of G-R’s uhf measuring 


. equipment is now further increased by a com- 


plete line of unit oscillators covering the whole 
VHF and UHF range. The scope of measure- 
ments is broadened by — new adapters from 
the G-R Type 874 connector to the Type N, C, 
BNC and UHF connectors —a component 
mount for minimizing “lead” and stray react- 
ances when measuring impedance of compo- 
nents—a Mixer Rectifier—and an inexpensive 
Crystal-Diode Modulator. These and many 
other instruments and coaxial compo- 

nents are described in the G-R 

‘>, UHF Measurements Bulletin. 

“eq Write for your copy today. . 


ta 
>, 


Characteristics of typical UHF televi- 
sion antenna. Admittance Meter read- 
ings (taken with setup shown) are 
plotted directly on a normalized Smith 
Chart. Impedance pattern and VSWR & 
are indicated over the complete range. {7 


G-R u-h-f instruments 
measuring impedance 
of broadband, high- 
gain UHF television an- 
tenna. Stacked BO-TY 
UHF Antenna (Two 
Model 114-U65’s) by 
courtesy of American 
Phenolic Corporation. 


i Blectronice - \ , wages 12021 : \ 


Copyright 1949 » Kay Et © Co e Brook, WN 


1602-B Admittance Meter — $295 . a: A versatile instrument for y, 
é rapid and accurate measurement of impedance, admittance / ‘Type. 874- 


or VSWR over a 20 to 1500 Mc range—direct reading between / Line -$36...A 50-ohm line 
41 and 1000 Mc. It can be used to match a load to a line, to Type 874-UB Balm—$75...A stretcher whose impedance re- 


compare directly the impedance of one circuit or component to 
that of another as well as for direct impedance measurements. 
re is no sliding balance — conductance (or resistance) and 
susceptance (or reactance) adjustments are independent. Ac- 
curacy of both conductance and susceptance readings up to 
1000 Mc is + (3% + 0.2 millimho) over the 0 to 20 millimho 
range — from 20.to © millimho, accuracy is + (3 /M % + 0.2 
millimho) (M is scale multiplying factor). The Admittance 
Meter is supplied with an Adjustable Stub, Variable Air 
Capacitor, 50-ohm Termination, two Patch cords, a 
Panel Connector and a wooden storage case. 


coaxial transformer which 
uses an artificial half-wave 
line for converting from bal- 
anced to unbalanced imped- 
ance. Range is 50 to 1000 Mc; 
the instrument is tuneable 
for maximum accuracy. The 
two adjustable stubs and 
two air-line lengths required 
to tune the Balun are avail- 

able at additional cost. 


mains constant over the adjustable 
22 cm range. Electrical character- 
istics are excellent over the VHF 
and UHF bands; VSWR is less 
than 1.1 to 2000 Mc. This line 
stretcher is useful for eliminating 
line-length corrections, for con- 
verting the Admittance Meter to a 
direct reading impedance measur- 
ing instrument, and for general 
purpose use. 


Admittance Meters % Coarial Elements tx Decade Capacitors 
- Decade Inductors % Decade Resistors x Distortion Meters 


_ Prequency Meters Frequency Standards tx Geiger Counters 
In dance Bridges tx Modulation Meters ‘x Oscillators 
ariacs tx Light Meters ty Megohmmeters % Motor Controls” 
te Null Detectors % Precision Capacitors 


$e Ve Voltmeters x Wave Analyzers tx Polariscopes 


GENERAL RADIO Company 


5S Massachusetts Avenue, Cambridge 39, Massachus 


NEW YORK 6 AG« 


WHICH PILOT LIGHT 
DO YOU NEED? 


(i) 


THE BIG ONE ’ | Cat. #613529211 


This Pilot Light Assembly was first 
made to accommodate the S-11 Jamp 
and was intended for use in the 
cabs of great diesel locomotives. 


This BIG one 
Dialco HAS THE COMPLETE LINE OF 


INDICATOR and PANEL LIGHTS 
\ this LITTLE one 


THE LITTLE ONE 


The miniaturization program on defense products required the 
development of this sub-miniature light. It is used 
on communication equipment and aircraft. 
Midget flanged base bulbs to fit are rated 1.3, 6, 12, and 28 volts. 


Ganprled to suit your own special conditions and 
requirements will be sent promptly 
pO he and without cost. Just outline your needs. 
, _ Let our engineering department assist 


in selecting the right lamp and the best 
pilot light for YOU. 


Write for the Dialeco HANDBOOK of PILOT LIGHTS 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVE., BROOKLYN 37, N. Y. HYACINTH 17-7600 
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Note these unique design features: 


i 


SLOTS TO RFCEIVE .O16" ¢.001" 
re x ,OU6" £.003" SOLDER TAILS 


iy 


\\ — SLOT TO RECEIVE .016" +.001* 
\ \ & .062" 3.003” SOLDER TAIL 


“i | 

WG 375s j 
Zwout TO RECEIVE .020" x “CLEARANCE HOLE 
O90" LOCATING LUG FOR 1/U" DIA, 


THREADED BUSHING 


GENERAL TOLERANCE - 
DECIMALS +.005* 


WMC. 


«=< $LOTS TO RECEIVE .O19" TO .026” 
be x .062” *.003" SOLDER TAILS 
" ‘ 
\ 5 hd ae 
ee Sti CLEARANCE HOLE FOR 
\ be 3/8” DbA, THREADED 


~\ 
Be, ee 
ee BUSHING - 


x _ 
ye Oe 


oe eee : Bt 


& SLOTS WILL RECEIVE STANDARD 
RTMA 7/16" RADIUS LOCATING 
LUG AS WELL &S MOUNTING 
EARS ON CTS TYPE PUS TWISTED GENERAL TOLERANCE - 
EAR MOUNTEO CONTROL. DECIMALS +%.005” 


Me 


Type U70, 3/4” diameter minr- 
aturized variable composition 
resistor with special printed 
circuit terminals. Wattage rat- 
ing: .3 watt for resistances 
through 10,000 ohms, .2 watt 
with 350 volts maximum across 
end terminals for resistances 


ove 


Type U45, 15/16” diameter, var- 
iable composition resistor with 
blade-type printed circuit ter- 
minals. Wattage rating: 1/2 watt 
for resistances through 10,000 
ohms, 1/3 watt for resistances 
over 10,000 ohms through 
100,000 ohms and 1/4 watt with 
500 volts maximum across end 
terminals for resistances over 
100,000 ohms. 


r 10,000 ohms. 


. 


ie ialsel 


2 


Type GC-U45, 15/16” diameter, 
variable composition resistor 
with blade-type printea circuit 
terminals same as U45 except 
with attached Skis f, 3 amneve, 
125 volt “GC” type switch. Also 
available with type ‘‘WF’’, 
DPST, 3 ampere, 125 volt 
switch. (Variable resistor type 
WF-U45.) 


CHICAGO TELEPHONE SUPPLY 


Co Yfro vation 
; ss, aii 


Specialists tn Precision Mass Production of Variable Resistors 
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CHECK SHEET 


Yes No 


Bay PROFESSIONAL RECOGNITION AND PRESTIGE? 
Od ADVANCEMENT IN STATUS? 

CJ C securiry AND STABILITY ? rs 
Ltt] CHALLENGE AND OPPORTUNITY ? H 


OO HIcu SALARY SCALE AND OPPOR 
FOR PROMOTION? 


C]) (EXCELLENT SUBURBAN HOUSING AT 
REASONABLE COST? 


TUNITIES 


OQ FACILITIES FOR PROFESSIONAL 
ADVANCEMENT ? 


Cb} UNEXCELLED TECHN 
FACILITIES ? 


ICAL AND LABORA TORY 


OQ ASSOCIATION WITH TOP SCIENTISTS ? 

() 1 Tuition REFUND PLAN FOR ADVANCED STUD Y? 
CPE MILITARY OR COMMERCIAL OPPORTUNITY ? 
Edt MODERATE COsT OF LIVING? 

‘2 MODERN RETIREMENT PLAN? 

Pr COMPANY-PAID LIFE INSURANCE? 


Og COMPANY-PAID LIBERAL HO 
AND DISABILITY PLAN (FAMI 


C) CO LBeRAL VACATION PLAN? 
C} C1 LBERAL HOLIDAY SCHEDULE? | 


OO PROFESSIONAL STATUS AND UTILIZATION OF 
YOUR EDUCATION AND EXPERIENCE? 


SPITAL, SURGICAL 
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Ug 


Division of 


PRODUCT Mouci Engineer'ng 
M & iMfg., " 


2800 N. Milwaukee Avenue, Chicago 18, Ill 


Factory: Huntington, Indiana 


See SE eee 
oe a ? 


Yet n ‘mony have attempted to try it, 


the round hole needs a round peg— 
custom-fit to meet the need. In the 
choice: of a speaker, just as in’ the 
Radial type projectors and ' 
poging speakers with. choice of the peg, the point of applico- 


360° dispersion for moxi- 
niir-coeucoie eV dew pit tion should be the | governing factor., 


lailiteer °" So why waste loudspeaker eapacity 


and amplifier power using the wrong 
speaker for the job? University makes | 
available over 50 différent models of ~ 
speakers, each designed to meet a 
Bsiiee reabicone most efficiently. : 


: peal oneal ile with ma 
isconamy- teetasically and cost- 


Reflex trumpets bred. 


sizes for incomparable 

efficiency, distance and 

anny ogo aeciaas a vehicle, boat, ne a stele - 
~ ther University speaker that can 


6 ‘best. Don't cag more 


FREE—new 1953 copy of the 
University Technilog » Complete up- 
to-date’ manual of sound theory, 
application and installation require- UNIVERSITY LOUDSPEAKERS e INC, 
ments ¢ SEND for your copy today. 80 SOUTH KENSICO AVENUE WHITE PLAINS, N, Y. 
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prose 
PINK 
AUS MAG 


on Steatite and Titanate Ceramics 


S2ND YEAR OF CERAMIC LEADERSHIP 


AMERICAN LAVA CORPORATION 


A Subsidiary of Minnesota Mining and Manufacturing Company 


CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N.J., Mitchell 2-8159 © SYRACUSE, N. Y.: 
330 Arlington Ave., Phone 76-5068 © CLEVELAND: 5012 Euclid Ave., Room 2007, Express 1-6685 
NEW ENGLAND: 1374 Mass. Ave., Cambridge, Mass., Kirkland 7-4498 © PHILADELPHIA: 
1649 N. Broad St., Stevenson 4-2823 © ST. LOUIS: 1123 Washington Ave., Garfield 4959 
CHICAGO: 228 N. LaSalle St., Central 6-1721 © SOUTHWEST: John A. Green Co., 6815 
Oriole Dr., Dallas 9, Dixon 9918 © LOS ANGELES: 5603 N. Huntington Dr., Capital 1-9114 


In AlSiMag you have the ; 
experience, the correct ceramics __ - 
and the tooling available for | 
ceramics for PROJECT 

TINKERTOY type insulators. : 


ALSIMAG STEATITE 
COMPOSITION 507 combines 
high strength and low 
dielectric losses. Produced 
with great uniformity and 
dimensional accuracy to further 
speed automatic assemblies. 
Fully proved by perfomance. 


American Lava Tiolektrik dielec- 
trics with dielectric constants 
ranging from 6 to more than 
6000 are available from open 
dies for PROJECT TINKERTOY. 
These superior ceramic conden- 
ser dielectrics can be had in 
other sizes for this or other 
applications. — 


ASSISTANCE 
ON NEW MODULAR PROJECTS: 


In AlSiMag you have the WIDEST 
CHOICE OF CERAMIC MATERIALS, 
both in steatites and titanates, 
backed by the largest engineering 
staff in the industry. Send us your 
requirements for engineering 
study and recommendations. 


[OG care z 


5-10 KW 
TRANSMITTER 


Gates BC5/10B 5000 or 10,000 
watt transmitter with phasing 
cabinet to right. 


Thirty months after production of the first Gates 
5000/10,000 watt broadcast transmitter, the 
one-hundredth of its kind rolled off Gates pro- 
duction lines. Nearly all of these went into 
commercial radio broadcasting stations in the 
United States and foreign countries. 


Never before has a single model of a 5-10KW 
broadcast transmitter met with such popularity 
and universal acceptance. This sales, perform- 
ance, in a field of illustrious competition, we feel 
you'll agree — speaks for itself. 


GATES RADIO COMPANY ounc 


Manutacturing Engineers Since 19. 


4 


Warner Bldg., Wa ngton, D 13th Spring Sts., Atlanta 


7 } 
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Westinghouse Fosterite’ Transformers 
must pass this 4-hour underwater test 


If you’re looking for a small, open-type transformer, 
fully protected against moisture, check the line of 
Westinghouse Fosterite impregnated transformers. 
This four-hour underwater test proves the point: 

All Fosterite-treated transformers are completely 
submerged in hot water at 60° Centigrade for two 


hours, after which they are “thermal-shocked” in 
cold tap water, and soaked there for an additional 
two hours. An electrical test is then applied, in 
which each transformer must show an insulation 
resistance reading of at least 2000 megohms. 
Fosterite has to be good! 

This is just one of many severe tests to which 


Westinghouse specialty transformers are subjected. 
They assure you of quality that will meet your re- 
quirements exactly ... quality that stands up under 
extreme conditions. 

Fosterite impregnated and coated transformers 
can be made available to meet your most stringent 
specifications. In addition to moisture protection, 
Fosterite makes drastic weight reductions possible 
+++ as much as 30 to 50%, when compared to 
enclosed types. 

Call your Westinghousg¢ representative for further 
information, or write Westinghouse Electric Corpo- 
ration, P.O. Box 868, Pittsburgh 30, Pa. _J-70678 


you can Be SURE...1F irs 


Westinghouse 


AM-FM-TV manufacturers — 
Here are 2 NEW Ways to NEW PROFITS with 


Centralab Plug-in Components 


Again Centralab is first in developing 
NEW components for NEW advance- 
ments in etched or printed chassis 


Faster assembly 


Look at the photo at right and you'll see 
what we mean! These special, new ‘‘Plug-in” 
Components are still another example of how 
Centralab is moving ahead with more firsts 
— so you can gain maximum savings in 
electronic assembly time. To gain greatest 
advantages, make sure you specify Centralab 
— it’s the industry's ov/y source of all three 
components. 


Eliminates costly conven- 
tional wirin g and solderin g 


Note that all components are designed with 
short leads for fast automatic or dip solder- 
ing. All solder tabs meet RTMA standards 
in length, thickness 

and mounting charac- 

teristics. You merely 

follow two simple 

steps: (1) plug-in, and 

(2) solder. That’s all there’s to it! By saving 
extra work, new Centralab “Plug-ins” bring 
extra profits wherever applied. 


You'll want all the facts on these Centralab 
pioneered “‘firsts” so you can properly evalu- 
ate their many potential savings for you. 
Complete technical information and manu- 
facturer’s samples are available on request, 
Use handy coupon, or write for details. 


A Division of Globe-Union Inc. 
In Canada: 804 Mt. Pleasant Road, Toronto 12, Ontario 
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Centralab is the only source for all three new 
components: (1) Capacitors (disc, tubular or 
plate) (2) PEC™ plates (3) Controls 


AUDIO DETECTOR 


NEW CONTROLS plug directly into any etched, 
printed or plated chassis. Reverse-bend tabs are 
1.16” wide with a standard length of 144” from 
mounting surface on .679” radius. Available in any 
standard taper and resistance value. 


This feature is another Centralab exclusive! SPST or 
DPST switch eliminates all conventional wiring in 
printed or etched paths. Switch solder lugs can be 
plugged directly into the chassis. One lug is auto- 
matically grounded to one control terminal, taking 
the place of the jumper wire which would sther- 


‘\. wise be required. Eliminates two extra steps! 


DISC AND TUBULAR CAPACITORS — 


COUPLATE® for by-pass, coupling, general use and TC re- 
7 leads — eliminate 8 parts quirements. Tubulars have special length, spe- 
and 9 extra connections. cial spaced wire leads. Ceramic Flat Plate 
Technical data and samples HI-KAP Capacitors are available in standard 


available, 


units. Technical data and samples available. 


PEC’s are available in any standard Printed Electronic Circuit 
offered by Centralab. The same goes for Disc and Tubular Capa- 
citors and Plate Capacitors. 


*Trademark — Printed Electronic Circuits 
2 oe ee ee se mm 


CENTRALAB, A Division of Globe-Union Inc. 
938-K East Keefe Ave., Milwaukee 1, Wisconsin 


Please send technical data on NEW Centralab Plug-in style components 
for: [1] Controls [] Disc Capacitors [ Plate Capacitors [] Printed 
Electronic Circuit Plates [1] Tubular Capacitors, . 


Name 


Address. 


City 


State. 
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> ANNOUNCING ... 


A new line of Mallory Enamel Coated Resistors 
for television and radio applications 


LOW COST 


SMALL SIZE 


These new Mallory Resistors are ideal for con- assures stable resistance values over the entire 
fined areas in television and radio equipment. operating range. 

They are unaffected by moisture and the 
expansion characteristics of all components 
are matched to produce.a unit impervious to 
thermal shock. 


For your resistor requirements, be sure and 
investigate these new low cost units. They are 
available in the following ratings: 


3 watts, 10-5000 ohms 
5 watts, 10-10,000 ohms 
10 watts, 25-25,000 ohms 


Cores are identical to those of all Mallory 
Vitreous Enamel Resistors . . . providing opti- 
mum electrical characteristics and great physi- 
cal strength. Low temperature coefficient wire 


)} TECHNICAL DATA FOR YOUR FILES Exp ect more... 


Recent Technical Bulletins on Mallory fixed get more 


resistors, carbon and wire wound controls, and 


capacitors are yours for the asking. Write today. from MA L LO RY 


& 
Parts distributors in all major cities stock Mallory standard components for your convenience 


NA I INDIANA 
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Line of Compression Seals 
Glassed Terminals... 
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CARDS FOR 
CONVERSATION 


To find out how to route Long Distance calls a dial system needs 
lots of information—fast. To provide it Bell Laboratories engi- 


neers developed a new kind of card file—one that dial systems 
can read. 


Punched holes on metal cards tell how calls should be 
handled. When a call arrives the dial system “asks” the “card file” 
how to proceed to a particular area. Instantly the appropriate 
instruction card is displaced so that its pattern of holes is pro- 
jected by light beams on a bank of Phototransistors. In a flash 
the Phototransistors signal switches to set up the best connection. 
Cards are quickly changed when new instructions are needed. 


The “card file” will have its widest use in speeding Long 
Distance calls that are now dialed by a telephone operator and 
may one day be dialed by you personally. It is another example 
of how Bell Telephone Laboratories helps telephony to grow, 
as costs are kept down. 


€ 
50 


Checking perforated metal card in Bell’s new “card 
file” which uses Phototransistors to hetp route Long 
Distance telephone calls along the best routes. If 
the first voice-way is in use, a “detour” is swiftly 
found. The equipment is known in telephony as a 
“card translator.” 


New Phototransistor unit. Light entering the cylin- 
der is focused by the lens on a piece of germanium 
that responds by generating current. Like the 
Transistor, the Phototransistor was invented in Bell 
Telephone Laboratories. 


BELL TELEPHONE LABORATORIES 


IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 
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the left, above, are concentric with the shoft 
to within 0.001 in. 


Your production procedure is simplified when you use high- 
precision Stupakoff ceramic-to-metal assemblies. Extensive ex- 
perience in the field of electrical and electronic ceramics, thorough 4 
familiarity with methods of metallizing, and the use of modern 4 

Stupakott precision manufacturing methods insure the high quality and : 
uniformity of Stupakoff Assemblies. J 

Among the assemblies made by Stupakoff-are: rotor shafts, i 
strain and spreader insulators, stand-offs and trimmers. Ceramic 
. bodies are specially formulated for the intended service; metals 4 

used include silver, copper, brass, stainless steel and monel. 

Asselin lS Stupakoff’s broad experience in this field insures the selection of 
a method of assembly best suited to meet service conditions. | 
A few types of Stupakoff Ceramic-to-Metal Assemblies are 

| 


illustrated in the photographs on this page. 


~) STUPAKOFF CERAMIC & MANUFACTURING COMPANY 


LATROBE, PENNSYLVANIA 
. 
Small metallized ceramic parts are accuratery 

made and dependably uniform. 


Some of the larger types of Stupakeff metal- 
lized ceramic parts. 
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CHICAGO: 205 W. Wacker Drive - Phone: Franklin 2-3889 
NEW YORK: 501 Madison Avenue - Phone: Plaza 5-8665 
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NEW CAMERA for photograph- 
ing microscopic particles (aerosols) 
floating free in the atmosphere has 
been announced by Stanford Re. 
search Institute. The camera’s depth 
of field is 200 microns (a micron is 
1/25,000 in.). Instead of a mechanical 
shutter, pulsed flashes of a narrow- 
beam light provide the film expo- 
sure. The flashes—of 2,000,000 
candlepower intensity—may be 1, 4, 
or 10 usecs. duration. In a “pea- 
soup” fog, scientists have counted 
up to 2,000 aerosol particles per cu. 
in. The camera may make it possible 
for the first time to follow and record 
, the history of an unstable aerosol 
particle over a short period. 


TV OVERSEAS—In many small 
French communities they have tele- 
clubs; the whole village contributes 
to the cost of the TV receiver, which 
is set up in the local schoolhouse, 
and in the evening everybody comes 
in to watch and listen. . . . In West 
Germany, a new kind of video show 
is planned—the “commercial hour.” 
Early in the evening, before the 
regularly scheduled show starts, all 
the advertising commercials will be 
put on for from one-half to a full 
hour. Then, the evening entertain- 
ment show will go on without 
interruption, right up to the sign- 
off time. .. . In England recently, tax 
collectors were checking for un- 
licensed TV sets. They found a great 
number of people had antennas on 
their roofs but no TV sets down- 
stairs. Reason was to make TV- 
equipped neighbors think they had 
them, too. Incidentally, the license 
for a TV receiver there costs $5.70 a 
year. 


HOUSE-METER READING—Dr. 
W. R. G. Baker of GE predicts 
that one of the major increases in the 
use of electronics will be in industry 
—and indicates that a result may be 
to eliminate one of the solid institu- 
tions of the electrical age, the man 
who reads the meter. He said that 
household watt-hour meters may be 
read electronically. The information 
would be transmitted automatically 
to electronic business machines 
which would make out bills and 
compile a complete record. 

(Continued on page 54) 
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THE WORLD'S LARGEST EXHAUST MACHINE 


a 


of RAYTHEON’S great new 
PICTURE TUBE PLANT! 


The ability to produce large 
quantities of bigger and better 
picture tubes is determined by 
the capacity of the exhaust ma- 
chine. That’s why Raytheon’s 
great new Picture Tube plant 
houses the world’s largest exhaust 
machine. 

This machine, developed in 
collaboration with Steiner-Ives 
Company, carries the tubes 
nearly 300 feet. Additional safe- 
guard against glass strains and 


breakage is assured by this great 
length, which permits the tubes 
to leave the machine at only 
slightly above room tempera- 
ture — an exclusive Raytheon 
advantage. Its 130 specially de- 
signed tube carriers are sup- 
ported from the side instead of 
on undesirable floor rails. Stain- 
less steel lined, it is electrically 
fired, with temperatures auto- 
matically controlled. 

A veritable giant of an “‘ex- 


hauster’’, it fits naturally and 
smoothly into the new Ray- 
theon plant — the logical and 
super-dependable source of 
your finest quality 21”, 24” and 
27” Raytheon Picture Tubes. 


RAYTHEON MANUFACTURING COMPANY 


-RAYTHEON MAKES ALL THESE: — 
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Tue Moputar System consists of 16 highly 
flexible electrically and mechanically com- 
patible units, together with a regulated 
power supply which are easily assembled 
and interconnected by patchcords to per- 
form all the basic fuctions of digital pulse 
operations. Each unit (size: 234” high x 
414” wide x 9” long) performs a multiplic- 
ity of independent functions selectively, a 
complete system having a capability of 72 
separate functions with as many as 31 
functions simultaneously available. Design 
and development engineers can readily op- 
erate in the most complex systems at 
“block diagram” level without concern for 
circuit details. 


Write today for descriptive brochure. 


AUDIO PRODUCTS CORPORATI 


Dept. A, 2265 Westwood Boulevard 
Los Angeles 64, California 


MODULAR SYSTEM 


A basic electronic tool for design and use of pulse methods 
for information transmission, storage, and computation. 


e Saves engineering time by providing 
pre-constructed standard units: am- 
plifiers, pulse-formers, frequency 
dividers, electronic counters. 


e Complex instruments can be patched- 
up and opearting within minutes after 
the need is conceived. 


e Provides non-electronic laboratories 


with the advantages of pulse instru- 
mentation. 


e Using the Modulars as “logical boxes” 


design engineers can test concepts of 
non-vacuum tube computers. 


e Together with an Oscilloscope serves 


as graphic training aid in digital pulse 
instruction. 


TELE-TIPS 
ph oA al 
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(Continued from page 52) 


FROM BEHIND THE IRON 
CURTAIN comes grim evidence of 
the prostitution of the engineering 
profession to serve the ends of po- 
litical propaganda. As reported in 
the General Electric Review by P. A. 
Abetti, the widely read Russian elec- 
trical engineering magazine, Elektri. | 
chestvo, constantly keynotes the | 
Communist party line and ruler glo- 
rification. 

A typical lead was the one carried 
in the Nov. 1951 issue: “Bolshevism 
is the power of the Soviets, plus 
electrification of the whole country. 
... Under the banner of Lenin, un- 
der the leadership of Stalin—for- 
ward to the victory of Communism! 
. . . Soviet science is the most pro- 
gressive in the world... . . ” Then 
comes denunciation of project fail- 
ures and individual engineers: 
“Training of the younger scientific 
workers by the staff of the Institute 
is at the lowest level, due to the 
guilt of the directors of the labora- 
tories (I. S. Bruk, S. F. Chukov, 
M. B. Ravic, and others). . . .” 

References to foreign articles are 
often omitted, and reviews of techni- 
cal papers, particularly American, 
are often incorrect ‘and _ politically 
biased. Although illustrations are 
sparingly used, Elektrichestvo car- 
ried a full-color portrait of Stalin on 
his 70th birthday. The East German 
Elektrotechnik is louder still in its 
brassy praise for the Soviet masters. 
Even the Yugoslavian book, Trans-— 
formation and Transmission of En- 
ergy; speaks of “the capitalistic rob- 
ber-fransformer” which has higher 
losses (and greater profit for the 
manufacturer at the customer’s ex- 
pense) than the socialist transformer. 


AIR CONDITIONING in indus- 
trial plants means more than em- 
ployee comfort. As will be demon- 
strated at the Refrigeration and Air 
Conditioning Exposition in Cleve- 
land, Nov. 9-12, correct temperature 
and humidity can improve produc- 
tion and reduce costs. 

(Continued on page 58) 
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: ers a complete line of test equipment 
asurements in the Microwave region. 

ent, the finest obtainable anywhere, 
requency Measuring Devices, Signal 
Bceivers, Attenuators and Terminations, 
edance Measurement and Transformation 
v ces, Detection and Power Measurement 
/ Equipment, Bolometers and Accessories. 


2 ABILITY 
URACYWVVi 


TYPE 250-A BROADBAND PROBE — Frequency 
range of 1 to 12.4 Kme/s; two tuning knobs permit 
precise adjustment for maximum power transfer from 
the probe tip to the crystal or bolometer detector; 
third knob controls depth of probe tip insertion. 


— 


SLOTTED SECTIONS—The mechanical and electrical 
design of PRD slotted sections emphasizes. thesé im- 
portant features: Instrument accuracy assured indef- 
initely by virtue of three bearing carriage suspension 
to minimize wear; waveguide section machined from 
solid aluminum alloy stock, to avoid warpage no 
castings are used. 


TYPE 275 VSWR AMPLIFIER - 
28, Featuring high gain; A.G.C. to maintain 
output constant for slow variation in 
rf “power source; low input noise level 
‘ 0.03. microvolts; wide\ VSWR ranges 
11.3, 1:3, 3:10, 10:30, ond 30:100; 


orate: accuracy ce VSWR scale 


55 JOHNSON STREET, BROOKLYN 1, NEW YORK 
WESTERN SALES OFFICE: 


741% NO. SEWARD ST., HOLLYWOOD 38, CALIF. 
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Chassis with ordinary 
new picture tube. 


Chassis with new West- 
inghouse Picture Tube 
having 25% brighter 
phosphor. New phosphor 
is now found in all 
Westinghouse Reliatron 
Picture Tubes—both oall- 
glass and metal-cone. 


ou CAN BE SURE...IF ITS 


Westinghouse 


In Westinghouse Picture Tubes 


NEW 


Create Brighter, Sharper Pictures 


25% Brighter 


An exclusive new Westinghouse 
screen phosphor now produces 25% more 
light output with the same beam current. Your 
sets can now give 25% brighter pictures with 
Westinghouse Reliatron Picture Tubes. 


Improved Focus 


Smaller spot size of new Westing- 
house electron gun gives better picture defini- 
tion, smaller snow particles in fringe areas, less 
blooming. Results in more sharply focused pic- 
tures in both primary and fringe areas. 


oa 


New Electrostatic Focus Gun. The first electrostatic focus 
gun which works well despite variation of operation 
voltage in receiver designs. Picture remains in focus 
despite variations in house voltage; despite variations in 
set components. Stabilizes focus through more precise 
shaping and control of electrostatic field. 


Magnetic Focus Gun. Simple construction gives sharp 
focus, crisp picture, excellent reception in all areas. 


Set Manufacturers: 


Roar 
These improved 


© 25% Brighter 
a New Electrostq 


available jn 


design features 
Phosphor 

" tic Focus Gun 
1 all popular 


\ Picture 
tube types 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


exclusive features: 


Hughes Diodes... 
| A New Standard of Reliability 


HUGHES GERMANIUM DIODES are designed 
to prevent such failures through two 


1, Fusion Sealing—The glass-to-metal 
seal, proved in billions of vacuum tubes, 
is incorporated to full advantage in 
diode manufacture by the Hughes-de- 
veloped process of fusion sealing at 


Reliability in a germanium diode is determined principally by 
permanent freedom from the two major causes of diode failure— 
moisture penetration of the diode envelope, and electrical 
instability under extreme operating conditions. 


high temperature. The result is a rigid 
one-piece glass envelope impervious 
to moisture. 


2. 100% Testing— Hughes 100% testing 
procedures invite instabilities to occur 
prior to shipment, assuring rejection 
of every defective diode. Each HUGHES 
DIODE is humidity-cycled, temperature- 
cycled, JAN shock-tested, and electri- 


HUGHES GERMANIUM DIODE ELECTRICAL SPECIFICATIONS AT 25° C. 
Test |Maximum|Minimum Maximum 
RETMA Peak Inverse | Forward Inverse 
Description Type Inverse | Working | Current Current 
Voltage*} Voltage | @ +1 v (ma 
(volts) | (volts) | (ma) 
High 1N558 190 | _150 5.0 0.500 @ —150v 
Peak 1N68A 130 100 3.0 0.625 @ —100v 
High ING67A 100 80 4.0 0.005 @—5v; 0.050 @ —50v 
Back IN99 | __100 80 10.0 0.005 @—5v; 0.050 @ —50v 
Resistance 1N100 1 80 | 20.0 0.005 @ —5v; 0.050 @ —50v 1 
High IN89 __|__100 80 3.5 0.008 @—5v; 0.100 @ —50v 
Back 1N97 100 80 10.0 0.008 @ —5v; 0.100 @ —50v 
Resistance 1N98 100 80 20.0 0.008 @ —5v; 0.100 @ —50v 
High IN116 75 60 5.0 | 0.100@—50v 
Back IN117 75 60 10.0 0.100 @ —50v Biel. 
a Resistance IN118 75 60 | 20.0 | 0.100@—50v 
: . IN9O 75 5.0 0800@—50v 
re INOS 75 60 | 10.0 | 0.800 @ —50¥ 
CC) ae ees eee eae he eee cw coe cee ce awe eats cp ene ce Gem el ge GD Gap ae md ae ee os es oe es es ed 
1N96 75 60 20.0 0.800 @ —50v 
IN126™ 75 60 5.0 0.050 @—10v; 0.850 @ —50 
JAN INi27t | 126 | i 3.0 | ~0.025@—idv: 0.300 @ —50¥ 
ee. leit aianee ‘pilican tad squid he Senate aap telbitin dies des ent ohh din. ecarteaabt teats ea teias er idle ain Gus Gao ale Ge Oma 
INi28 50 3.0 0.010 @ —i0v 
*That voltage at which dynamic resistance is zero under spécified conditions. Each Hughes Diode is 
Subjected to a voltage rising linearly at 90 volts per second. 
**Formerly 1N69A. tFormerly 1N70A. tFormerly 1N81A. 
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cally tested under vibration. This 
testing procedure insures the operation 
of HUGHES DIODES under adverse condi- 
tions of moisture, temperature, vibra- 
tion and severe shock. 

Reliability of nuGHes DioDEs has been 
proved in airborne military electronic 
equipment for navigation, fire control, 
and guided missiles. 


Address inquiries to Dept. T 


In addition to RETMA-registered types, 
HUGHES DIODES are also supplied 
100% factory-tested to a wide range of 
customer specifications, including 


high-temperature requirements. 


© 1953, H.A.C. 
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FUSION SEALED IN GLASS 


for electrical stability 
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RELIABLE 
ELECTRON 
TUBES 


Withelectronic controls taking over more 
and more operational functions in aircraft, 
it’s becoming increasingly important that 
the electron tubes used be dependable under 
conditions of high altitude, continuous 
vibration, varying voltages and frequent 
shock. Because of their advanced design 
and construction ... born of never-ceasing 
research and special production skills... 
Bendix Red Bank Reliable Electron Tubes 
have the dependability necessary to meet 
these severe operating conditions. You can 
depend on our long, specialized experience 
to give you the right answer .. . for all 
types of regular as well as special-purpose 
tube applications. Call on us for full details. 


Hk 


Manufacturers of Special-Purpose Electron Tubes, 
Inverters, Dynamotors and Fractional D.C. Motors 


TYPICAL OPERATING BEAM POWER 
TYPE AND MODEL INDEX 
CONDITIONS AMPLIFIER TUBE 
Plate 
Bendix | RTMA | JAN General Heater | Voltage | M.A. SPECIFICATIONS 
Ne. Ne. Ne. Type Voltage | Per Load 
Plate BENDIX NO. TE-8 
TE-2 5839 OCTAL 25 | 3590 | 70 
FULL WAVE RTMA NO. 5992 
RECTIFIER 
TE-3 | 5838 OCTAL 126 | 350 | 70 HEATER VOLTAGE | 6.3 V 
pos Bec PLATE VOLTAGE | 250V 
TE-S 5852 OCTAL 63 | 350 | 70 SCREEN VOLTAGE | 250 V 
FULL WAVE 
RECTIFIER GRID VOLTAGE | 12.5V 
TE-10 | 5993 MINIATURE 63 | 350 | 70 
RECTIFIER: = eo 
ae Be aera a per PLATE CURRENT | 45 MA 
ULL WAV! POWER OUTPUT | 3.5W | 


Manufacturers of Special-Purpose Electron Tubes, 
Inverters, Dynamotors and Fractional HP D. C, Motors 


EATONTOWN, N. J. 


West Coast Sales and Service: 


xport Sales: Bendix International Division 
117 Providencia Ave., Burbank, Calif. 4 “17,N.Y.” 


E 
205 East 42nd St., New York 17, N. Y. 


TELE-TIPS 
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(Continued from page 54) 


GLASS-CLOTH WAVEGUIDES 
—Lee Laboratories of Genesee, Pa, 
have completed development work 
on a new technique for making 
waveguide parts, and are in a posi- 
tion to supply sample fabricated 
components. The new method uses 
a glass-cloth base and eliminates all 
soldering, brazing, etc. normally re- 
quired with brass or aluminum 
waveguide. Weight and strengthwise, 
the glass-cloth waveguide is equal 
to aluminum tubing. The major fea- 
ture of these new components is the 
fabrication simplicity which reduces 
the manufacturing costs. Important 
savings can be realized in making 
complicated structures where nor- 
mally, tools and fixtures are needed 
to hold tolerances while brazing. All 
types of microwave transmission 
components can be made by this new 
method, directional couplers, du- 
plexers, mixers, etc. 


BROADCASTING TERMINOL- 
OGY was given a new twist by. Har- 
old E. Fellows, NARTB president. 
For the enlightenment of the wives 
of radio and TV personnel, he re- 


cently made the following tongue-in- 


cheek definitions: 

FCC: A secret society, directed by 
six men and one woman, intent upon 
determining the public interest and 
convenience of your husband, but not 
his necessity. 

Commercial Manager: 
after the manager’s job. 

General Manager: An _all-suffering 
martyr who is trapped by circumstance 
and must carry on in the face of all 
odds. 

Rate Cut: Something being done by 
the competitor across the street. 

Network (if husband’s station is un- 
affiliated): An organized effort to 
eliminate independents. 

Network (if husband’s station is af- 
filiated): An organized effort to create 
independents. 


CONFUSION REIGNS—A re- 
cent applicant for a position at 
Emerson was handed an employ- 
ment application to. fill out. In an- 
swer to the question, “DRAFT 
STATUS?”, he wrote, “Veteran.” 
The next question, “LOCAL 
BOARD?” His answer, “CIO, Local 
475.” 


The - fellow 
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APPLICATIONS IN 


Flip-Flop, Type 110IC— 
a z basic ele- 
ments in Burroughs? inte- 

ated line of ‘‘Unitized” 
Pulse Control Equipment. 


RADAR, TELEMETERING, DIGITAL COMPUTING, TELEVISION, NUCLEAR PHYSICS 


i 


saves time and money in electronic engineering 


There’s no longer any need to tie up 
engineering personnel with the time-con- 
suming work of developing and “‘bread- 
boarding”’ electronic test circuits. Bur- 
toughs, a leader in the office machine 
industry, now offers an integrated line of 
“Unitized’”’” Pulse Control equipment 
covering all the basic functions in pulse 
circuit engineering. These one-basic- 
function units are designed with a maxi- 
mum of flexibility to be used as building 
blocks for test systems ranging from the 
very simple to the most complex. Engi- 
neers need only make a block diagram 
of the apparatus needed, assemble the 
necessary Burroughs units in the plug-in 
rack, and interconnect them with the 
various standard coaxial cables and 
accessories. It’s really that easy! It’s 
equally easy to reassemble your units for 
a different project when your present 
tests are completed. 


YOU SIMPLY “PLUG IN” 
BURROUGHS FLIP-FLOPS 


Burroughs Flip-Flop, Type 1101C, dem- 
onstrates the one-basic-function principle 
that makes Burroughs “‘Unitized” Equip- 
ment so suitable for your needs. 


PULSE GENERATORS 
COINCIDENCE DETECTORS 
PULSE DELAYS 

FLIP-FLOPS 

PULSE GATERS 

CHANNEL SELECTORS 
MIXERS 
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This flip-flop is a bistable circuit designed 
specifically to provide an output gating 
voltage to be used in coincidence circuits. 
The unit contains a pentode Eccles- 
Jordan circuit capable of being switched 
at rates up to 2.5 megacycles per second, 
with 0.1 microsecond pulses. 


There are three inputs—Zero, One and 
Complement—operating from pulse 
amplitudes of 12 volts or more. Coaxial 
output jacks marked “Zero Gate” and 
“One Gate” supply either 0 volts or -23 
volts at an impedence level of approxi- 
mately 680 ohms. 


Two neon lights on the front of the panel 
indicate the position of the flip-flop. A ter- 
minal block on the rear of the unit can be 
used to operate indicator lights installed 
at.a remote point for visual monitoring. 


Proved by more than two years of con- 
stant use, Burroughs “Unitized”’ Pulse 
Control equipment has been purchased 
by many leading electronic research 
organizations. Some of the users are: 
Massachusetts Institute of Technology, 
University of Michigan, Stanford Re- 
search Institute and National Union 
Radio Corporation. 


Scale-of-Four Binary Counter Using Burroughs “Unitized"’ Equipment 


For full information on Burroughs “‘Unitized” Pulse Control Equipment, write or call Department 13E, 
Electronic Instruments Division, Burroughs Corporation, 511 N. Broad St., Philadelphia 23, Pa. 


The left flip-flop, Type 1101C, changes 
state with each input pulse, so that the left 
coincidence detector (CD) or gate, Type 
1201B, is alternately opened and closed with 
succeeding input pulses, with the result 
that every other input pulse passes through 
the left coincidence detector, giving a count 
of 2. A similar flip-flop and gate combi- 
nation cascaded to the first combination 
gives a total scale of 2 x 2=4. The number 
of flip-flop and coincidence detector com- 
binations that can be cascaded is unlimited. 


ELECTRONIC INSTRUMENTS DIVISION 


THE BEST KNOWN NAME IN OFFICE MAC#INES 


ppp pesreearennesoes os \f erases »:1 Ota super’ 


HERMETICALLY SEALED 
METAL-ENCASED 


Sprague, on request, will provide you with 


complete application engineering service 
and assistance for optimum results in the 


use of precision ceramic capacitors 


PRECISION CERAMIC 


CAPACITORS 


HIGH STABILITY 


I’ YOUR problem is one of circuit stability in precision 
oscillators or of close capacitance tolerances in electronic 
instrumentation, have you investigated the advantages of 
Sprague-Herlec Precision Ceramic Capacitors? 

These unique capacitors @ffer not only top capacitance 
and temperature stability but stability with applied voltage, 
uniform retrace characteristi¢s, and high “Q”. They are 
available in capacitance tolerances as close as +1% and 
temperature coefficient tolerances as close as +10 ppm/°C 
in regular production quantities. 

Mechanically, they are all in size, sealed against 
atmospheric humidity, and resistant to vibration and shock. 
Standard operating temperathre range is from —55°C to 
+85°C, 

Sprague-Herlec Precision} Ceramics are available in all 
standard temperature coefficignts from P100 to N750, and 
can also be manufactured to any exact intermediate coeffi- 
cient required for balancing gther circuit constants. When 
used in combination with Sprague Durameg® Accurate Wire- 
Wound Resistors, it is possible to achieve stability hereto- 
fore impracticable in mass-prpduced electronic equipment. 
Sprague can furnish you eith¢r these R-C network compo- 
nents or complete network jsubassemblies to meet your 
tolerance requirements. 


For complete details o 
Ceramic Capacitors, write for 
and 607-A to Sprague Elect 
North Adams, Mass. or Hé 
Wisconsin. 


h Sprague-Herlec Precision 
Engineering Bulletins 603-B 
ric Co., 233 Marshall Street, 
rlec* Corporation, Grafton, 


“THE HERLEC CORP, IS A WHOLLY-OWNED 


BSIDIARY OF THE SPRAGUE ELECTRIC CO. 


WORLD'S LARGEST CAPACITOR MANUFACTURER 
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Air Power Future and the Electronic Industry 


Let us consider the problems and prospects of the elec- 
tronic industry in future airpower. The electronic industry 
has a dual character; it is a major element of our peace- 
time economy; and it is a vital element of our military 
potential. The relations between the two roles are some- 
times subtle and at other times basic. There can be no 
doubt that the large amount of military-sponsored re- 
search on radar during the war gave a strong impetus 
to television. But beyond this, the exposure of-a large 
number of young men to electronics in the services, with 
the training these men received, made it possible for this 
country to have large numbers of television service men 
for our peacetime economy. In reverse our large television 
industry with its tremendous service establishment and 
hundreds of TV schools provides a pool of highly trained 
men for a war emergency. In short, the electronic industry 
as such has a definite dual role. 

Recently the Air Force announced a new policy for 
“Weapon Systems Development” in which one contractor, 
presumably the airframe manufacturer, is to be given the 
contractual responsibility for the development of a complete 
airplane with all its elements. By this means the Air Force 
is attempting to obtain integrated combat-ready weapon 
systems. It is in part a recognition of the intimate rela- 
tionship of the elements that go into a fighting aircraft; 
but it is also a recognition of the administrative problems 
which existed when the Air Force itself tried to provide 
the technical and contractual coordination. It is not at all 
clear that swinging all the way in the new approach of con- 
tracted systems responsibility will either solve these prob- 
lems, nor is it clear that new ones will not rise to rear their 
ugly heads. 


Dangers in New Policy 


Over the long run there are a number of dangers. One 
of these is the possibility of severance of the intimate 
intellectual relationship which now exists between the Air 
Force and the electronic industry. This relationship has 
been mutually stimulating, and will undoubtedly be reduced 
by the insulation of dealing through prime contractors. 
Another possible danger is the growth within the airframe 
industry of specialized electronic facilities, lacking the ad- 
vantages of stabilizing peacetime and commercial support. 
Granting that military expenditures are bound to fluctuate, 
such facilities become in effect expensive and detract from 
concept of dual facility plants which Secretary Wilson 
advocates. 

Finally, there is always the danger, and it is particularly 
evident right at this time, that projects. not directly asso- 
ciated with end-item objectives will be cancelled. It is 
inevitable and proper that prime contractors under the 
Weapon systems concept take the short-time view. They 
are required to produce an integrated machine in a finite 
time. Consequently they must start with available building 
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blocks. This incentive toward conservatism will reduce waste 
but perhaps at the cost of advanced performance. Thus, 
over the long haul we shall stand to suffer in qualitative 
superiority unless effective steps are taken to continue 
direct contracting between the Air Force and the electronics 
industry not only on new components, and techniques, but 
also for major elements like fire control systems, auto pilots, 
and automatic landing systems. It is interesting to note 
that to date every successful anti-aircraft guided missile, 
whether ground-to-air or air-to-air, was developed with 
systems responsibility in an electronic organization. 


Must Guard Research and Long-Term Projects 


I sincerely hope that the Air Force will approach their 
new weapons-system contractual policy with care, and that 
the Air Research and Development Command will continue 
to improve on channels of communications between con- 
tractors and the using branches of the Air Force to pro- 
vide for better coordination, and to streamline their con- 
tractual procedures, and above all that ARDC will zealously 
guard the long-term projects, and the research programs, 
and support component developments. The Air Force is 
unique in having a centralized organization, the ARDC, 
which can devote its full energies to the task of assuring 
qualitative superiority. It is a difficult assignment—one 
which requires an appreciation of the problems not only 
of the Air Force, but also of industrial and university 
research organizations. ARDC has made a valiant start 
through its enlightened policies and it deserves our vote 
of confidence. 

Electronics has much to offer to Airpower Future. With 
increasing speeds, airplanes become more and more de- 
pendent upon electronic flight instruments and controllers; 
bombs, rockets and guns are useless without radar and 
electronic computers; all-weather flying and even visual 


navigation requires electronics. And finally, airpower in 


the sense of integrated striking and defensive power has 
no meaning without the “nervous system” provided by 
electronics. 

The future will see the use of smaller components, like 
transistors, and the introduction of new techniques, such 
as digital computers. Undoubtedly from a technical view, 
air-warfare will become a lot more complicated. This will 
be forced upon us by the capabilities of our enemy. Let us 
hope that through research and development, we as a 
nation can meet this challenge for overwhelming qualitative 
superiority, which President Eisenhower has so clearly 
stated as our National Policy. 


A guest editorial by Dr. Ivan A. Getting, vice-president 
Engineering & Research, Raytheon Mfg. Co., Waltham, 
Mass., adapted from an address by Dr. Getting before 
the Air Force Association, Washington, D.C. 


61 


of Radio, TV and Tele Communications 


AUTOMATION 


INDUSTRIAL PLANTS with extensive automatic pro- 
duction machinery are making increasing use of elec- 
tronic control equipment—but are doing so very cau- 
tiously. Strong preferences exist for electro-mechanical 
and pneumatic devices, with electronic units often getting 
the nod in those cases where, to quote one plant manager, 
“electronic controls are the only way out.” Such “only 
way out” situations are becoming increasingly frequent, 
but the root of the wary attitude is based on three factors. 
(1) Old-line operating management is unfamiliar and 
suspicious of the precocious electronic baby. This means 
new markets for sales engineers and educational promo- 
tion. (2) Too few qualified electronic personnel to main- 
tain, or even understand, the equipment. Result—new 
opportunities for experienced electronic engineers. (3) 
“Tubes mean trouble.” A hearty challenge to design engi- 
neers to improve reliability. 


CBS SHOWS COLOR-TV TUBE 
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Bruce Coffin, president of CBS-Hytron Div., points to new curved-mask 
type color tube recently developed by his company. Note constructional 
simplification achieved over planar-mask type below. The new tube can 
be built in any of the existing picture tube sizes either round or rec- 
tangular. Initial production emphasis, however, will be on popular 21-in. 
rectangular size. Pilot production models scheduled to be available by 
Feb. 1954, with full production at new Kalamazoo plant by 1956. Shown 
with Mr. Coffin are (1) Charles Strohmeyer, vice president, engineering 
and manufacturing; and Lloyd Coffin, treasurer of CBS-Hytron. 
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Revealing Important Advances Throughout the Spectrum 


“VERY HIGH FREQUENCY® (VHF) — 
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SPECTRUM ALLOCATION 


FM MAY LOSE FREQUENCIES to non-broadcast 
services such as mobile radio if steps are not taken to 
increase the utilization of the band presently assigned. 
In a clear warning to FM broadcasters, FCC Commis- 
sioner E. M. Sterling stated, “I would have difficulty in 
finding it in the public interest to retain all of the 88-108 
mc band for FM broadcasting in the event the Commis- 
sion is petitioned to reallocate a portion of the band to 
accommodate new services or to relieve the congestion in 
existing services.” He also noted that efficient usage of 
the FM-band is not being made, thereby placing the 
broadcasters in an untenable position with respect to 
justifying the right to retain all frequencies presently 
allocated. This observation is of extreme interest to sev- 
eral communications organizations, including the Com- 
mittee on Manufacturers Radio Use, which plans to peti- 
tion the FCC in November of this year for the establish- 
ment of a manufacturers’ radio service. 


COLOR-TV 


LATEST CBS COMPATIBLE COLOR-TV AD- 
VANCES—Despite the many successful previous color- 
TV demonstrations, the program demonstrated by CBS 
last month was disappointing. The quality of the picture 
was far below that viewed at other demonstrations in 
connection with NTSC system tests. Just what went 
wrong is not known, but it should be noted that there 
were three new color equipment elements used in this 
demonstration. The first, a camera, uses a single pickup 
tube instead of the usual three (one for each color). The 
“old” field sequential scanning method is employed to 
provide color information for the system. 

The second element, a color encoder, translates the 
field sequential color information into an NTSC com- 
patible color signal. The final element, an improved 
color tube, employs a curved rather than a planar type 
mask (see photo at left). Since we had the privilege 
of viewing the color tube on a closed circuit using NTSC 
color slides as a signal source, and since the results here 
were excellent and more than comparable with that noted 
on tubes of other manufacture, it would appear that the 
color input equipment was at fault. The “Colortron,” as 
the new tube is called, promises to be a real contribu- 
tion to future color TV because the manufacturing 
simplification achieved will permit lower-cost receivers 
and ultimately more prospective purchasers. For a de- 
scription of the tube see page 73. 
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n—meme “ULIRA HIGH FREQUENCY’ (UHF) 


9,900 <= “SUPER HIGH FREQUENCY” (SHF) 
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TV ANTENNAS 
IN EARLY RADIO DAYS the outside antenna was 


the sign of a radio receiver—usually a crystal and ear- 
phones installation. Already the early days of television 
have passed and although the 26,700,000 TV receivers 
now in use have a goodly number of antennas on the 
roof tops, the number of external antenna installations is 
steadily decreasing. The effect of greater receiver sensi- 
tivity and of raising the effective radiated power of 
television stations to 200 kw for high-band VHF stations 
and UHF stations, will be to ease the lot of the apart- 
ment dweller who is not allowed to install an external 
antenna. In fact it will alleviate the situation to such an 
extent that many threatened court cases will not be 
heard. Due to poor reception many tenants have been 
threatening court cases to prove rights to decent TV re- 
ception, and the problems involved had promised to de- 
mand the talents of a Solomon. Already the new sets 
and increased powers have rendered outdoor antennas 
not always necessary. But what will happen when UHF- 
TV comes to town? 


AVIATION 


DOUBLE HEAD-SETS with constricting head bands 
appear to be about passé for airplane pilots. Hearing- 
aid principles have now been applied to a new miniature 
earphone, similar to those used in hearing aids, but 
especially designed to be more rugged and to have a 
response suitable for use in communications systems. 
Weighing only two and one-half ounces, the complete 
assembly is twelve times more sensitive than unconven- 
tional ear phones! The new phone is used with only one 
ear, thus leaving the other available for cockpit conver- 
sation. It seems as though the days of the dashing air 
force pilot with down-bent sides to his cap (caused by 
pressure of the double head set) are over! 


GUIDED MISSILES 


HIGH TEMPERATURES encountered by supersonic 
aircraft and guided, missiles is one of the key problems 
facing aerodynamicists today. Heating is caused by the 
temperature rise of the air near the surface of a high- 
speed vehicle, a result of skin friction between the ex- 
terior surface of the vehicle and the air. This barrier 
is not a well defined speed region, as is the sound bar- 
rier, but is an ever increasing obstacle to higher flight 
Speeds. The temperature rise, for example, with an air- 
craft flying at 1000 mph would be 230° F, and 800° F at 
2000 mph. The effect on internal equipment, and par- 
ticularly electronic units which have been miniaturized 


Bi 2 


into very small spaces, is highly critical. To speed de- 
velopments in the aircraft and guided missile field, an 
Industry Advisory Committee on equipment cooling 
systems has been set up to provide guidance to spe- 
cialists at the Air Research and Development Com- 
mand’s Wright Air Development Center. 


ATOMIC RADIO 


NUCLEAR EXPLOSIONS such as the great new stars 
or “novas” which occasionally burst out in the sky, are 
now being shown to be sources of radio emissions picked 
up by the new radio telescopes. In a recent issue we 
pointed out how the site of Tycho Brahe’s great nova 
of 400 years ago is still today a source of radio noise— 
also it is known that the Taurus “radio star” of 1953 
coincides in position with the Crab nebula, remnant of 
a galactic supernova recorded in the Orient in A. D. 
1054. 

One of the most intense radio sources is in Cassiopeia 
at 234 21™ .2-1.58° 32’ (1950), where Dewhirst and Baade 
have photographed faint nebulosity. The Russians find 
that this is in a region where Chinese astronomers ob- 
served a new star for six months in the year 369. While 
the ancient record of this object is brief and vague, it 
appears to indicate a supernova rather than an ordinary 
nova. . 


WRIST-WATCH RADIO 


Finally, after many predictions of wrist-worn radios in science fiction, 
here’s the real thing as developed by the United States Signal Corps. 
Picture shows hand of Captain M. G. Bourgeois, Chief of New Equip- 
ment Special Activities division headquarters. Signal Corp Electronic Lab- 
oratories, for comparison of the new wrist-type printed-circuit radio 
receiver, with a standard wrist watch for size. 
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Fig, 1: Dispersion in a periodic delay line 


URING the last few years the 

backward wave oscillator has 
been systematically investigated in 
France under the name “Carcino- 
tron.” In June, 1952, B. Epsztein' an- 
nounced that one of these Carcino- 
trons, operating at S-band, had de- 
livered continuous output power of 
more than 100 watts and had been 
electronically tuned over a 30% 
range. Recently R. Warnecke and 
P. Guénard? commented on the 
physical principles of these oscilla- 
tors and reported on the results ob- 


By 
EDWARD C. DENCH 


Section Head 
Power Tube Div. 


Raytheon Mfg. Co. 
Waltham, Mass. 


tained with experimental models. 
The French authors have defined 
two kinds of Carcinotrons, the O 
type and the M type. The O type 
broadly includes the tube described 
by R. Kompfner® and bears a re- 
semblance to traveling wave ampli- 
fier tubes,t which may employ a 
magnetic field for beam focussing 
purposes. The M type requires a 
transverse magnetic field for its op- 
eration, and bears a resemblance to 
the magnetron type traveling wave 
amplifier.** This paper is primarily 
concerned with an M type tube. 

. Both the O and M type oscillators 
depend for their operation on the 
interaction between a beam of elec- 
trons ‘traveling at a velocity asso- 
ciated with the phase velocity of a 


‘traveling wave space component 
moving in a direction opposite to 
that of the energy flow along a wave 
propagating structure. Such struc- 
tures are delay lines of the periodic 
filter type having suitable properties. 
_ The properties of delay lines hav- 
ing a periodic structure have been 
summarized by Guénard et al,’ in 
the following convenient form: 

’ “Tf, in an infinitely long periodic 


“Careinotron”—Backward| 


with itself when translated any in. 
tegral number of times by the Pitch, 
p) one transmits energy at a given 
frequency, the distribution of the 
electromagnetic field along the line 
likewise has a periodic structure; in 
a definite manner, the complex am- 
plitudes of the fields at two corre. 
sponding points A, and A, of two 
cells separated by n times the pitch 
are such that: 
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Fig. 2: ‘Wave functions in reverse wave oscillators 


Fig. 3: External view of experimental M-type oscillator tube for 2000-3000 MC 
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Pioneer tube development has power output of 200 watts 
at 30% efficiency. Features include electronic tuning 
from 1624 to 2740 MC by variation of the anode voltage 


“These lines possess the general 
properties of electric filters, charac- 
terized by frequency bands ¢ over 
which the line is capable of trans- 
mitting energy. Assuming a lossless 
line, in the pass band, yw is a real 
quantity. The variation of y with 
frequency is the dispersion charac- 
teristic of the line. The velocity of 
propagation of energy along the 
line is: ; 
ve = p (dw/d y) (2) 


“The fields along the line satisfy 
the condition: ; 
E (x, y,z + np) = E (x, y, z) e~™ (3) 


“One may write: 
4 
+ @ a (4) 
E (x, y,z) = Du ex (x, y) e “i te” 


(5) 
% (xy) = =f (x, y, Z) ol 5  +2k ) dz 
PY 


This paper 
was presented at the 
1953 National Electronics Conference 
Sept. 28-30, Chicago, Ill. 


“In this form the field along the 
line appears as if it were a super- 
position of traveling waves having 
phase velocities: 


ve = wp/(y + 2k7) (6) 


“These ‘waves’ do not exist sep- 
arately since each corresponding 
field does not satisfy the boundary 
conditions at the surface of the line. 
When vx has a positive value in the 
preceding equation, i.e.-(if O<y<2z) 
for K2O, the phase velocity is in 
the same direction as the energy 
velocity; the corresponding waves 
will be called ‘direct waves.’ 

“When vx has a negative value 


Fig, 4: Internal view of experimental oscillator tube 


(K<O), the phase velocity is in a 
direction opposite to the energy ve- 
locity, and the corresponding wave 
will be called a ‘reverse wave.’ The 
phase velocities of these waves play 
an important part in the interaction 
between an electron beam and the 
electric field of a line having a peri- 
odic structure. It is therefore con- 
venient to represent graphically the 
properties of a delay line, not by the 
variation of » with frequency, but 


SS SCN ED SG LSE AN GH GER VS SS 
K~ CAD MEASUREMENTS 
@—CALCULATED FROM HOT PERFORMANCE | | 
AL 
AER ae 
oo ie yA — 
‘9 vs 
Ah 
pies Mad BE De na Oa OSs Fake FC 
——+ +— 
44 tt 
y RE | 
a) LI 
Fe a 2 ae 
4 5 ? s ® 0 2 3 “4 ss os of 


Fig. 5: Dispersion characteristics of the 
delay line of experimental oscillator tube 


by the variation of the ‘delay ratio’ 
c/|y,| with the wavelength A. 

“In the graph of Fig. 1, lines of 
constant w are straight lines passing 
through the origin with a slope 
w/2np. Curves corresponding to va- 
rious values of k are derived, one 
from the other, by a simple construc- 
tion (ab=bc=de=ef). Tangents to 
points of these various curves, corre- 
sponding to a given value of A, cut 
the c/y axis at a point, the ordinate 
of which is c/v, for direct waves 
and —c/v, for reverse waves; the 
largest value that v, can assume is 
C, demonstrating that A, the disper- 
sion, defined as the variation of the 
delay ratio with wavelength 


[A = d(c/|v%|)/(dA/A)] 


can be positive, negative, or zero 
for direct waves, with its maximum 
positive value equal to 


c/| P| — 1. 


For reverse waves, the dispersion 
is necessarily positive and its mini- 
mum value is equal to 


c/|vy,| +1. 
It is readily seen that the form of 
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the dispersion curve can be adapted 
for its particular use in a microwave 
tube by a suitable choice for the 
line structure.” 


Guenard’s Summary 


Backward wave oscillations can 
be produced by providing an elec- 
tron beam traveling at substantially 
the velocity of a reverse wave, and 
adapted to couple energy to a peri- 
odic delay line. A suitable summary 
of this phenomenon has also been 
given by Guénard et al® as follows: 

“About a line having a periodic 
structure with pitch p, excited by 
electromagnetic waves, there ap- 
pears a field having a_ periodic 
spatial distribution; the fields of ad- 
jacent cells of the line having the 
same spatial distribution with a 
phase difference w. If, along this 
line, one injects an electron beam 
with velocity y,, there is an inter- 
action between the beam and the 
line when the velocity of the elec- 
trons is such that they encounter 
the fields of successive cells in the 
same phase, or substantially in the 
same phase. This condition can be 
written in a general manner as 

(7) 
Wp/Ve = W + 2k (k = 0, +1, =2,...) 
by assigning a positive value to v, 
for electrons moving in the same 
direction as the energy in the line, 
and a negative value in the oppo- 
site case. The foregoing condition 
means that the electron velocity co- 
incides with’ the phase velocity of 
one of the ‘direct’ or ‘reverse’ waves 
which propagaté simultaneously in 
the line. These two cases lead to 
two types of tubes with different 
properties. This can be understood 
by visualizing ‘that the coupling be- 
tween the beam and the line is ob- 
tained by means of gaps; the action 
of the field of these gaps causes the 


BACKWARD WAVE OSCILLATOR 


(Continued ) 


formation of bunches of electrons in 
the beam. When these bunches pass 


across a gap, they excite two waves, 


O, and O, in the line, the energy of 
which propagates away from the 
gap, and the action of the beam F 
on the line L is manifested by the 
superposition of waves which the 
beam excites across successive gaps. 
When the beam velocity equals the 
velocity of a ‘direct’ wave, the waves 
O, excited in the different gaps (the 
energy of which propagates in the 
direction of the beam) have the 


same phase, and their effects are ad- . 


ditive. Waves O, have different 
phases and almost completely cancel 
themselves. See Fig. 2a. Energy 
carried by the line increases in the 
direction of electron motion and the 
tube can be used as an amplifier. 
Traveling wave amplifier tubes are 
based on this principle. 


Beam Velocity 


“When the beam velocity is equal 
to that of a. ‘reverse’ wave, waves 
O, (the energy of which propa- 
gates in a direction opposite to that 
of the beam) have the same phase, 
and their effects are additive as in 
Fig. 2b. Therefore the amplitude of 
the field carried by the line in- 
creases toward the origin of the 
beam, and energy created by the 
action of the electron beam travels 
in a direction opposite to it. This 
interaction is the principle of the 
new oscillator tubes, The frequency 
of oscillation of these tubes is de- 
termined by the fact that the elec- 
tron velocity must be close to that 
of a ‘reverse’ wave. It therefore var- 
ies with electron velocity according 
to the dispersion curve of the line 
used, 

“This principle has been applied 
in two ways, as shown schematically 
in Figs. 2c and 2d, which we have 
named Carcinotrons, Type O and M 
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Fig. 6: Impedance match between coaxial out. 
put line and equivalent linear delay line 


respectively. In the Type O Carcino- 
tron, the beam travels near the line 
in a space at potential V. The ve- 
locity of the electrons thus being 


V2ev/m. which together with 
the dispersion characteristics of the 
line, fixes the law of variation of 
frequency with voltage. Calculations 
give, in this case, the current for 
starting of oscillations as 


3 aad. Vo 

| Se Ri’ c (8) 
where R is the coupling resistance 
of the beam, | the length of the line. 
“In the M Carcinotron, the beam 
moves in crossed electric and mag- 
netic field V/d and B respectively. 
The average translational velocity of 
the electrons is then v, = V/dB and 
the oscillation frequency depends on 
both the electric and magnetic fields. 
Calculation of the current for start- 

ing of oscillations gives: 


la = * a tanh (= xo) /= 40) d (9 


“Space charge effects modify this 
critical starting current, increasing 
it in the O type and decreasing it in 
the M type tubes. In both cases en- 

(Continued on page 157) 


Fig. 7: (I) Attenuation introduced at collector end of equivalent linear delay line, Fig. 8: (r) SWR presented by the completed oscillator tube 
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Transistor Transient Response 


Physical considerations in high-frequency and transient analysis show how equiv- 


alent circuits may be utilized to maximum within limitations of initial assumptions 


By J. J. SURAN 
F. CHOW 
General Electric Co. 
Electronics Park 
Syracuse N.Y. 


HE fundamental physical prop- 
erties of transistors are generally 
thought to be well understood at this 
time, although much is still to be de- 
sired in the application of these fun- 
damentals to circuit theory. Many of 
the equivalent circuits for transis- 
tors, which have appeared in the lit- 
erature to date, are based upon im- 
plicit assumptions of such a nature as 
to restrict the usefulness of the cir- 
cuit. This is especially true for high- 
frequency and transient analysis. 


Junction Transistor 


The ensuing discussion will be lim- 
ited to junction transistors. Insofar 
as point-contact types approximate 
the behavior of junction transistors, 
the analysis will also apply. However, 
since little is known about those sur- 
face effects which may considerably 
affect the behavior of point-contact 
transistors, analogy between the two 
types should be made with caution. 


Fig. 1 represents a schematic 
drawing of an n-p-n- junction tran- 
sistor, biased in its normal manner. 
The boundaries between the N and P 
regions form semiconductor junc- 
tions which may be represented by 
diodes. The forward direction of the 
p-n “diode” is in a direction from the 
p to the n region. Thus, the emitter- 
base junction is biased in the forward 
direction of easy current flow and the 
collector-base barrier is biased in the 
reverse direction. In the N-region of 
the transistor, there is an excess of 
electrons which are loosely bound to 
their parent atoms; the loosely- 
bound electrons are supplied by 
donor “impurity” atoms of elements 
occupying the 5th group of the peri- 
odic’ table. 

Since the intrinsic semiconductor 
material (germanium, for example) 
is in the 4th group of the periodic 
table, one electron per impurity atom 
is free to move. Conversely, the im- 
purity atoms in the P-region of the 
transistor are from the 3rd group of 
the periodic table, and since the im- 
purity atoms in the P-region cannot 
supply enough electrons to fill the 
bonds of the intrinsic material, 


“holes” are formed. A hole is a region 
where an electron may be trapped. 
An electron which moves into a hole 
may leave a hole behind it, and so 
hole movement may be treated as 
positive currents. Electron and hole 
dynamics in semi-conductor mate- 
rials are predictable by quantum me- 
chanical concepts. In limiting cases, 
quantum mechanics may be applied 
as a statistical tool. 


Energy Distribution 


Instead of thinking of electrons in 
N-type material as “loosely bound,” 
it is more significant to think of them 
as having higher probabilities of 
jumping from a bound atomic state 
to a conducting state. Thus, N-type 
and P-type material may be consid- 
ered relative to the electron energy 
distribution associated with each. 
Figs. 2a and 2b illustrate the electron 
energy distribution for N- and P- 
type semiconductors respectively. An 
electron in the valence band is 
“tightly-bound” to its parent nu- 
cleus. 

In the conduction band, electrons 
have absorbed enough energy to be 
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Fig, 1: Schematic representation of a junction transistor 
Fig, 2: (r) Electron energy distribution in N and P materials 
Fig. 3: Current multiplication effect at the collector 


yaar LEVEL 
' Cc 
| 
| 
VALENCE BAND CONDUCTION 
BAND GAP BAND 


@) N-TYPE MATERIAL 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


-FERMI LEVEL 
Co — 
<— © \ “NORMAL” POTENTIAL 
t SPACE-CHARGE INDUCED E 
® ©Qo/_p di es oe VALENCE | BAND! CONDUCTION 
Rast O | ano ear BAND 
BASE REGION SARRIER COLLECTOR REGION 
p N (©) P- TYPE MATERIAL 
Nat omen oP ern a NN 


TRANSISTOR TRANSIENT RESPONSE 


(Continued ) 


Lie 


Fig. 4: (1) Transistor low frequency equivalent circuit. Fig. 5: (r) Transmission line representation of diffusion process 


“free” of the electric field of the 
atomic nucleus. Between the conduc- 
tion band and the valence band is the 
band gap, which represents the mini- 
mum amount of energy an electron 
must have in order to free it from its 
bound atomic state. The electron en- 
ergy distribution, which represents 
a statistical average of individual 
- electron energies, in the N-region of 
a transistor is such as to increase the 
probability of electrons falling into 
the conduction band. 

In the P-region of a transistor, the 
electron energy distribution is such 
as to increase the probability of elec- 
trons falling into the valence band. 
The electron energy corresponding to 
a 50-50 chance of an electron falling 
into either the valence band or the 
conduction band is known as the 
Fermi level. It is apparent that the 
Fermi level will be close to or in the 
conduction band for N-type material 
(where the Fermi level relates to 
electron energies), and that the 
Fermi level will be in close proximity 
to the valence band for P-type ma- 
terial. 


Free Electrons 

A significant point in this discus- 
sion is that both N- and P-type semi- 
conducting materials contain free 
electrons, and that in both type ma- 
terials it is possible, by application of 
energy E, (see Fig. 2), to raise elec- 
trons from the valence state to the 
conducting state. Since E, may be 
supplied by photons, cosmic rays, 
thermal effects, etc., electrons are al- 
ways in the process of being “liber- 
ated” or “captured” in a transistor, 
even when no external electric en- 
ergy is applied. The concentration 
densities of electrons and holes, when 
no external electric energy is sup- 
plied, are referred to as the thermal 
equilibrium values. 

The boundary between a p and n 
region forms a contact potential.? Al- 
though charges will continuously 
flow across the semiconductor boun- 
daries, the net rate of flow of charges 
is zero, since no external current 
paths are provided. The boundary 


itself consists of ionized atoms which 
are firmly bound in an atomic lattice 
structure. When a p-n boundary is 
electrically biased in its forward di- 
rection, electrons are supplied to the 
positively charged ions in the n-re- 
gion and withdrawn from the nega- 
tively charged ions in the p-region, 
thus tending to reduce the contact 
potential and making it easy to pass 
current across the boundary. But 
when the boundary is biased in its 
reverse direction, electrons must be 
supplied from neutral atoms in the 
N-region and to neutral atoms in 
the p-region. 


Tonized Atoms 


The net result of the inverse bias 
is to increase the number of ionized 
atoms and to increase the contact po- 
tential across the boundary. An in- 
crease in the number of ionized at- 
oms at the boundary of a p-n junction 
causes an increase in the boundary 
“thickness.” 

Thus, for the transistor shown in 
Fig. 1, the effective base width is 
(W-d) where the barrier thickness, 
d, is a function of the collector volt- 
age, E,. The dependence of base 
width on collector voltage is some- 
times referred to as the “Early ef- 
fect.”® When very small barrier (con- 
tact) potentials exist, the layer of 
ionized atoms along the boundary is 
very thin and, consequently, the bar- 
rier thickness can often be neglected. 
It is for this reason that the boundary 
between the emitter and base is gen- 
erally assumed to have zero thick- 
ness. 

When a signal is applied to the 
emitter of an n-p-n transistor which 
is biased as illustrated in Fig. 1, elec- 
trons are injected from the emitter 
into the base region. (For a p-n-p 
transistor, holes would be injected 
from the emitter into the base.) At 
the same time, holes are injected 
from the base into the emitter. (For 
a p-n-p transistor, electrons would 
be injected into the emitter.) Elec- 
trons in the base of an n-p-n tran- 
sistor will move to both the collector 


boundary layer and the base ohmic 


contact by virtue of electric field and 
concentration (density) gradients. 

When these minority carriers 
(electrons for the n-p-n transistor 
and holes for the p-n-p transistor) 
arrive at the collector barrier, they 
experience a sudden and large in- 
crease in potential energy, supplied 
by the collector voltage, and conse- 
quently are immediately swept into 
the collector region. The concentra- 
tion of carriers in the base at the 
emitter-base boundary is high, but 
the carrier concentration at the col- 
lector barrier is very nearly zero, 
Because of the energy increase which 
a carrier experiences in traveling 
from the emitter to the collector, a 
transistor has the properties of a 
power-gain device. 

When moving through the base re- 
gion of an n-p-n transistor, elec- 
trons may “fall” into valence bands 
of ionized atoms and may remain 
bound for relatively long periods of 
time. The process of electron “cap- 
ture” by holes is referred to as “re- 
combination.” Barring all other fac- 
tors, the current amplification of a 
transistor would be less than unity 
because of recombination. Recombi- 
nation is often measured by the mean 
free lifetime of minority carriers in 
a p or n region. 

However, space charge due to elec- 
trons in the potential field in the col- 
lector can modify the potential dis- 
tribution as shown by the dotted line. 
The hole, p, will then experience a 
potential gradient which drives it 
toward the base. If this hole can get 
through the electron accumulation 
without recombining, it will add to 
the collector current. 

From the above discussion it may 
be readily appreciated that the cur- 
rent transfer mechanism in transis- 
tors is not a simple matter. If we can 
assume that the known transistor 
phenomena, described above, will 
enter into the current transfer ex- 
pression as multiplication factors, the 
ratio of collector current to emitter 
current, or a, can be written as: 


an =y-B-a (1) 
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y, known as the injection ratio, re- 
sults from the fact that a signal ap- 
plied to the emitter will cause minor- 
ity carriers to be injected into both 
the base and emitter regions. y is the 
ratio of current carried by minority 
carriers in the base to the total cur- 
rent which crosses the emitter bar- 
rier. Eq. 2 defines y for an n-p-n 
transistor, where I, is the emitter 
current carried by electrons in the 
base and I.. is the emitter current 
carried by holes in the emitter. 


B B ] (2a) 
eB + I. l + I,,/l.» 

As illustrated in Fig. 3, the high 
electric potential which occurs across 
the base-collector barrier for an 
n-p-n transistor is the basic collect- 
ing mechanism in the transistor. 
However, under certain conditions,‘ 
the accumulated space charge cre- 
ated by electrons which have just 
crossed into the collector can draw 
holes from the collector region into 
the base, the net result being a cur- 
rent multiplication at the collector. 
Fig. 3 illustrates this effect by show- 
ing a hole, p, which under ordinary 
circumstances experiences no poten- 
tial gradient in the collector. y is a 
function of frequency, operating 
point and transistor construction.? 


1 Bom 


Transport Factor 


6 in Eq. 1 is a transport factor, and 
represents the phenomena involved 
when carriers in the base region 
cross from the emitter to the collec- 
tor, 6 is a function of frequency, op- 
erating point, transistor construction, 
electric field distribution in the base 
and carrier density distribution at 
the emitter boundary. 

6 may be defiined by the current 
transfer ratio in the base: 


B rf Te, /Le, (2b) 
where, for the n-p-n junction tran- 


sistor of Fig. 1, Ic, is the collector 
current due to electrons crossing the 
collector boundary and Ie, is as de- 
fined for Eq. 2a. 

a* is due to current multiplication 
at the collector; it is also a function 
of frequency, operating point and 
transistor construction. a* may be 
defined by: 

atm (I., 7 Top) /ece 


where I,, is the collector current 


carried by electrons in the collector 
and I,, is the collector current car- 


ried by holes in the base (for the n- 
p-n transistor). 

The problem of the circuit engi- 
neer who wishes to devise an equiva- 
lent circuit for the transistor is one 
of taking into account the complex 
physical relations which are funda- 
mental to transistor mechanics. Ob- 
viously, simplifications will have to 
be made if a useful circuit is to be de- 
veloped. But it is of fundamental im- 
portance to the applications engineer 
that he understand not only the 
equivalent transistor circuit but also 
the implicit assumptions inherent in 
the circuit. 


Transistor Equivalent Circuit 


To the applications engineer, a 
transistor represents a four-terminal 
black box to which must be assigned 
an input impedance, an output im- 
pedance, transfer functions, etc. The 
de equivalent circuit, the low-fre- 
quency equivalent circuit, the high- 
frequency equivalent circuit and the 
transient-equivalent circuit will each 
be different because of the assumed 
simplifications and will, in the order 
stated, be increasingly complex. The 
equivalent circuit itself must have 
parameters, and it is desirable that 
these parameters correspond in some 
way to the physics of the transistor. 
This paper will not be concerned 
with the derivation of equivalent cir- 
cuits,* other than to point out the 
problems involved in deriving a sat- 


Fig. 6: AC linear equivalent circuit. Variation of r., r, and r. with de is neglected 
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isfactory circuit. However, examin- 
ing the equivalent circuits which are 
currently in use can lead to an un- 
derstanding of the fundamental as- 
sumptions which had to be made. 
Consider the basic T- equivalent 
circuit of Fig. 4, which represents a 
transistor at low frequencies. Here, 
the impedance of the emitter-base 
barrier has been represented as a 
constant resistance, r,; since this 
barrier is biased in its forward con- 
ducting direction, r, may be expected 
to be of small value. The collector- 
base barrier is represented by r, and 
C,; since the collector barrier is 
biased in its inverse conducting di- 
rection r, may be expected to be of 
high value. C, represents the collec- 
tor barrier capacitance, and is due to 
the physical storing of charge be- 
tween the base -and collector. The 
value of C, depends upon the geom- 
etry of the barrier in addition to the 
operating point of the circuit. Ideally, 
the collector is isolated from the 
emitter by virtue of the high resist- 
ance, r,, and so the current flowing 
out of the collector can be repre- 
sented by a current generator, ai,.* A 
fourth parameter is needed, and so a 
base resistance, r,, is added to the 
circuit. Ideally, r, represents the 
physical resistance between the 
emitter barrier and the lead which 
connects to the base region. 


Physical Considerations 


What does the circuit of Fig. 4 
neglect in the way of physical consid- 
erations? First of all, the injection 
ratio, y, is assumed to be unity. Sec- 
ond, the current multiplication fac- 
tor, a*, is assumed to be unity. Both 
these conditions state that signal (ac) 
carrier current flows only into the 
base at the emitter junction and only 
out of the base at the collector junc- 
tion. (For y to be unity implies that 
I. in Eq. 2 is zero.) Third, the 
equivalent circuit of Fig. 4 represents 
Ye, Tp» T. and C, as independent of the 
circuit voltages and currents. This 
implies that the dc biasing current 
maintains the circuit parameters 
constant despite the superimposed ac 
signal, which, in turn, means that the 
equivalent circuit is good only for 
small signals. Fourth, and perhaps 
most significant, the circuit of Fig. 4 
neglects the transport phenomena (6 
in Eq 1.) in the base of the transistor, 
taking into cognizance only the fact 
that the magnitude of i, will be re- 
lated to the magnitude of i, by some 
amplification factor, a. 

Experiment has shown that the 
circuit of Fig. 4 is adequate to repre- 
sent transistors at low frequencies, 
for small signal magnitudes. How- 

(Continued on page 120) 


Fig. 1: Modules com- 
prise stack of wafers 
upon which compo- 
nents are mounted 
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HE day of the automatic factory 

for radio, TV and electronic 
equipment is approaching. A trip 
through the pilot factory in Arling- 
ton, Va., which is based on National 
Bureau of Standards’ developments, 
gives a preview of what to expect 
in the not-too-distant future. It will 
be found that printed circuits are 
the key to mechanized electronic 
production. 

The NBS project “Tinkertoy,” 
carried out for the Navy Bureau of 
Aeronautics has taken three years 
and over $4.7 million to develop to a 
point where a pilot factory is turn- 
ing out automatically the electronic 
portion of sonobuoys for the Navy. 
Dr. Astin, director of NBS, said the 
credit in his organization goes to 
J. G. Reid, Jr. for overall supervi- 
sion and to Robert L. Henry, Project 


Fig. 2: (I) Arrangement of various types of parts-mounted wafers. Parts include printed conducting circuits, tape resistors, titanate capacitors and tube 
sockets. Fig. 3: (r) Conventional submarine detection device at right is compared to equivalent device made by Project Tinkertoy process 


Project “Tinkertoy’"—Step Towarl 


Leader. Mr. Henry is shown in Fig. 
7 with one of the amazing automatic 
testers for complete units. Other 
contractors on this project will be 
mentioned later. 

“To successfully produce devices 
automatically, two developments 
having a hand-in-glove relationship 
had to be achieved. These were the 
design of an automatic fabrication 
system, and the formulation of an 
equipment design method for elec- 
tronic circuits capable of being auto- 
matically produced. We will take up 
the latter first. 


Design Pattern 


It was decided to employ ceramic 
wafers, % in. square by \¢ in. thick, 
as bases for the mounting of auto- 
matically fabricated capacitors and 
resistors as well as other compo- 
nents. Printed circuits on the wafers 
connect the components to the de- 
sired notches, three on each side, 
which are also silvered prior to coat- 
ing with solder. Four to six wafers 
are stacked and held by wires sol- 
dered in the notches to form a unit 
which is usually associated with an 
electronic stage and topped by a 
socket for vacuum tube. No mention 
was made in the September disclo- 
sure of Project Tinkertoy of the fu- 
ture use of transistors instead of 
vacuum tubes, but there appears no 
reason why transistors will not fit in 
with this pattern of design. A num- 
ber of these individual subassem- 
blies, shown in Fig. 1, called by the 


NBS “modules,” or building blocks, 
can be combined to form a major 
assembly. Six such modules can be 
assembled into a_ six-tube radio 
receiver. 

Now we have seen what the de- 
sign engineer has to work with, 
Two capacitors and up to four re- 
sistors can be assembled on each 
wafer. The engineer need have no 
concern about his finished product 
meeting military environmental re- 
quirements because this type of rug- 
ged construction has passed all these 
tests. He can expect performance 
generally equal to that from conven- 
tional assemblies. The pattern best 
fits circuits composed of R and C, 
also those having small values of L 
so that the inductors can be of the 
spiral, printed type. Of course to- 
roids, potentiometers, crystal diodes, 
etc. can be used, as shown in Fig. 2, 
but probably not handled automati- 
cally at present. 

The result of applying this design 
to a sonobuoy, Fig. 3, to an expend- 
able drone radio control receiver 
and to a radio altimeter, Fig. 4, re- 
sults in some, but not a great deal, 
average reduction in both weight 
and space. . 


Automatic Fabrication 


Production-minded readers will 
want to know the “how” of this pilot 
plant which can produce 1,000 “mod- 
ules,” about 5,000 wafers, per hour. 
A layout of the plant is shown in 
Fig. 5. From raw materials the fac- 
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the Automatic Factory 


Radically new mechanized method of producing com- 
ponents for electronic equipment developed by NBS. 


Basic product is rugged printed circuit on ceramic wa- 
fer. Punched cards control 100% inspection system 


tory turns out wafers, ceramic ca- 
pacitors and adhesive _ resistors. 
These are the basic, large-quantity 
parts fed into the production line. 
The fabrication process, as detailed 
by NBS, is passed on to the reader 
in condensed form because of space 
limitations. For a full description of 
the technical aspects it is suggested 
that information be obtained from 
Mr. Hugh Odishaw, Asst. to the Di- 
rector, National Bureau of Stand- 
ards, Wash. 25, D.C. 

WAFERS: These are composed of 
a combination of talc, kaolin and 
barium carbonate which is mixed, 
filtered, dried and refined into a flour 
mixture that is fed into a pilling ma- 
chine which stamps out the wafers. 
The wafers are fired in a tunnel kiln 
at 2300° for nine hours. Next, they 
are mechanically gauged for size 
and made ready for Metalizing. 

CAPACITORS: The dielectric is 
magnesium, barium, calcium and 
strontium titanate made in the same 
manner as the wafers, but measuring 
% in. sq. by 2/100 in. thick. Values 
from 7 uuf to 0.01luf can be produced 
with less than 20% rejects. 

RESISTORS: The formula com- 
prises a mixture of carbon or gra- 
phite, resin and a binder, all ground 
into a fine powder. This is sprayed 


on a moving loop of heat-resistant 
asbestos paper tape, known as 
“Quinterra,” to which is applied a 
cover of polyethylene tape. The fin- 
ished tape is stored under refrigera- 
tion. A 75-foot roll will give a yield 
of 10,000 resistors. Values range 
from 10 ohms to 10 megohms, power 
dissipation % watt, change in re- 
sistance value at temperatures up 
to 400° F is found not more than 
+10%. 

METALIZING: This term relates 
to the application of silver paint (a 
DuPont product) to form circuit 
conductors on the wafer and/or on 
the capacitor body and also to the 
curing that follows. Circuits are 
painted automatically by pressing 
with rubber squeegees the silver 
paint through stencils cut to the de- 
sired form from 160-mesh stainless 
steel screens. After painting, the 
ceramic part slowly travels through 
the curing furnace. The 12 notches 
in the edge of the wafer are also 
metalized so that a later dip-solder 
operation (which unfortunately has 
to be done twice to build up enough 
solder in the notch), can prepare 
the wafer to receive the wire busbar 
connections. After firing, the silver 
is so imbedded in the ceramic that 
the author found it impossible to re- 


move it even with a knife blade. Fig. 
8 shows the wafer pattern printer, 
and Fig. 9 the vibratory feeder. 
ASSEMBLY OF COMPONENTS: 
Entirely automatically two capaci- 
tors per wafer can be attached. See 
Fig. 6. A well-designed tape re- 


sistor attaching machine, holding 
rolls of resistor tape, grasps the 
passing wafer, cuts the tape into % 
in. lengths, presses the resistor 
against the printed electrodes, ap- 
plies pressure, then passes the unit 
on to the next operation. Tube 
sockets are mounted on wafers by 
means of rivets so that the terminals 
are aligned with the proper busbars. 
It was observed that the riveting 
process cracked some of the wafers, 
yet attempts to break a wafer in the 
hand showed they had outstanding 
strength. 


Unit (or Module) Assembly 


A single machine assembles up to 
six wafers in the following manner: 
Vibratory feeders, containing the 
correct wafers for the unit, cause 
the wafers to progress to a loading 
device where, after they are prop- 
erly stacked, six riser wires are sol- 
dered in the notches on opposite 
sides of the wafer. The assembly, 
illustrated in Fig. 1, is then turned 
90° and six wires are soldered to 
the other sides. There follows an 
electrical test. Another automatic 
machine then clips the desired riser 
wires so that all of the circuits func- 
tion correctly. 

ASSEMBLY OF UNITS INTO 
COMPLETED DEVICE: No auto- 
matic equipment for this was pro- 
vided. Normally, the required num- 
ber of units are mounted by hand 
on a copper-clad base. By etching, 


Fig. 4: A design engineering application by Sanders Associates of the National Bureau of Standards’ Project Tinkertoy technique is the compact radio 


altimeter shown at the lower right. This may be compared with the conventional radio altimeter at left, which uses standard components and fabrication 
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(Continued ) 
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Fig. 5: Schematic diagram of Project Tinkertoy mechanized assembly line shows sequence of machine operations for producing components 


circuits have been formed on the 
base to connect with the riser wires 
of the units by means of dip-solder- 
ing. 

The writer was tremendously im- 
pressed with the automatic testing 
system that had been worked out by 
NBS. Much of this was supplied by 
Communication Measurements Lab., 
Inc., Plainfield, N.J. Each stage of 
production is followed by an auto- 
matic device that gives 100% in- 
spection. Electrical portions are 
compared with their standard 
equivalents by means of electronic 
computers, bridge circuits and the 
like. In Fig. 7 is seen one of these 
devices testing the finished unit. The 
unit under test slides into position 
and lingers there only long enough 
for its performance to be compared 
with that of a standard unit (in the 
cylinderical can on the left). The 
good units fall in one of the metal 
boxes under Mr. Henry’s hand, the 
rejects drop in the other box. In 
the case of a reject, one or more of 


Fig. 6: (1) Machine automatically orients, assembles and bonds one or two titanate capacitors to ceramic wafers. Fig. 7: (r) Completed modules are in- 
spected with the aid of a punched card system which programs a check of each circuit and component on the waters against a standard 


its faults are indicated by the flash- 
ing of one or more of the tell-tale 
signal lamps located on the black 
bakelite panel. 


Testing Wafers 


The other testing machines, simi- 
lar in appearance, test wafers in the 
manner specified by a Code Card, a 
punched card, prepared by the de- 
sign engineer. These cards, measur- 
ing about 4 x 8 in., when not in use 
in a testing machine are attached to 
the metal boxes in which the assem- 
blies are carried from machine to 
machine. Unskilled operators can 
place the punched card in the testing 
robot, thus causing the proper test- 
ing circuits to be energized so that 
the parts are quickly tested. Next, 
the inspected units (and the rejects) 
in their containers, with the punched 
code card attached, can be removed 
leaving the testing machine avail- 
able for instantaneous shift to the 
task of testing an entirely different 
wafer carrying a different circuit. 
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PLATE ASSEMBLY 


This completes the description of 
typical processes in this automatic 
plant, an overall view of which is 
given in Fig. 10. Some of the special 
machines were built by the Dough- 
nut Corp. of America. The major 
design and construction of the auto- 
matic equipment was done by the 
Kaiser Electronics Div. of Willys 
Motor Co. This company, under con- 
tract with Bureau of Aeronautics, is 
operating the plant at present. 
Sanders Associates, Inc., of Nashua, 
N.H., electronic consultants, worked 
out major applications and did en- 
vironmental studies. 

The advantages are: 

1. Rapid conversion from military 
to civilian production and vice versa 
as well as the ability to switch pro- 
duction from one type of equipment 
to another type. A change of printed 
circuit stencil takes only a few min- 
utes. It was said that a change in the 
type of equipment produced could 
be made every two hours if this was! 
(Continued on page 132) 
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CBS New Color-TV Tube 


Employing curved-mask to overcome conver- 
gence effects, and photoengraving techniques for 
depositing color phosphors directly on faceplate, 
design is highly adaptable for mass production. 


By BERNARD F. OSBAHR 
Executive Editor 


AST month Bruce A. Coffin, 

president of the CBS-Hytron 
Div, of Columbia Broadcasting Sys- 
tem, Inc., announced at the Danvers, 
Mass. plant, that a new color TV 
tube, called the CBS-Colortron was 
being readied for production. The 
new tube, a product of more than 
two years of research and develop- 
ment, is a three-gun, color mask 
type that features a curved rather 
than a flat type mask to eliminate 
or minimize color misregistrations 
(convergence) at the outer edges of 
the raster. The method of applying 
color phosphors in the new tube em- 
ploys a photographic technique that 


permits a considerable speed-up in 


production as contrasted to the flat- 
mask type. Mr. Coffin indicated that 
when CBS-Hytron plants were in 
“full-production” costs for the Col- 


Fig. 2: View of new “'Chromacoder” announced by CBS. Unit is designed 
fo work in conjuction with singletube camera having field sequential 
pickup, Signals are then converted in this unit to simultaneous red, 


green and blue, for NTSC transmissions 


ortrons might be about 30% more 
than for an equivalent sized alumi- 
nized black and white tube at the 
time. The company’s Newburyport, 
Mass., plant is scheduled to be in 
pilot production by Feb. 1954 with 
color facilities at the new Kalama- 
zoo, Mich., plant swinging into op- 
eration around Sept. 1954. Condi- 
tions of “full-production” are not ex- 
pected to be reached until mid 1956. 
The new color tubes can be built in 
any of the existing black-and-white 
sizes, either round or rectangular 
but current emphasis is toward the 
21-in. rectangular type. 


Construction Details 


Fig. 3 contrasts constructional de- 
tails of a 15-in. round type tube em- 
ploying a flat-mask against those of 
the new tube employing the curved 
mask. The planer or flat color mask 
assembly weighs about 6.5 lbs. as 
contrasted to less than 0.5 Ibs. in the 


Fig. 1: Appearance of new curved-mask type 
calor tube. Three electron guns are used. 


new type. In the flat-mask tube a 
spacer frame keeps the metal mask 
tightly stretched at an equal distance 
from the flat glass phosphor plate 
and holds the mask so that all of the 
250,000 holes are in perfect register 
with the phosphor dot color triads. 
In the Colortron, three glass teats 
fused directly on the face plate of 
the tube provide 120° suspension 
points for the curved mask which 
has “V”-shaped receptaclés in the 
metal mask ring. The degree of 
curvature is, of course, determined 
(Continued on page 150) 


Fig. 3: Comparison of earlier flat-mask color-TV tube design (below) 
with new curved-mask type (above). The new tube can be built in any 
of the existing black-and-white tube sizes but currently production is 


being geared for 21-in. rectangulars 
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Fig. 1: Block diagram of flight system. Outer 
loop is steering, inner loop is control servo 
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Fig. 2: To determine flight characteristics, 
both control servo and airframe are combined 


ERHAPS the most significant 
development in airborne elec- 
tronics today is its tendency to grow 
away from purely electrical consid- 
erations and to merge with other 
fields of engineering. A radio engi- 
neer engaged in the design of air- 
borne electronic systems does not 
restrict himself by specialization, 
but, instead broadens his interest to 
include such widely diversified fields 
as heat transfer, reliability and 
noise statistics, shock and vibra- 
tional mechanics, and many others. 
This is particularly true in the 
study of the control and navigation 
of aircraft. In the design of those 
elements which make up the steer- 
ing loop of a directed aircraft the 
principles of aerodynamics and flight 


Fig. 3: Miniaturized 
hydraulic servo 
vaive 


ervo Design for Missile}, 


How system is evolved from specification to com- 
ponent compensation. What the electronic engi- 
neer must know about mechanics and aerodynamics 


By ROBERT J. BIBBERO 


Head, Servomechanisms Dept. 


ROLAND GRANDGENT 
Principal Aerodynamicist 


Republic Aviation Corp., Guided Missiles Div., 99 Church St., New York, N, ¥, 


mechanics must be applied to com- 
plete a successful system, as well as 
those of conventional electronics 
and of electrical or mechanical en- 
gineering. 

The reasons for this statement be- 
come apparent when it is applied to 
the technology of guided aircraft 
and missile flight control. Although 
the basic steering intelligence of a 
guided missile may be derived from 
something as tenuous as electro- 
magnetic radiation, it must ulti- 
mately be converted within ' the 
flight control mechanism to a force 
capable of deflecting a _ relatively 
massive control member, such as a 
wing or flap, a jet vane, or a gim- 
balled motor. 

Occupying a central position in 
the steering sequence is what we 


‘may term the flight control servo- 


mechanism or more simply, the 
servo. This device is a machine 
which accepts at low power levels 
inputs proportional to some combi- 
nation of the aircraft steering error 
and its derivatives and to the air- 
frame motion and its derivatives. Its 
outputs are control deflections which 
are directly, or through their deriva- 
tives, proportional to a summation 


of the inputs. The flight control 
servo-mechanism has also been 
called a servopilot, since it dupli- 
cates many functions of the human 
pilot. It is similar in many respects 
to the autopilot, although this term 
is better reserved for the device used 
in piloted aircraft. 


Elements to Include 


An illustration may serve to clar- 
ify the exact elements which we 
wish to include in the flight control 
servo. We can consider a radio con- 
trolled drone aircraft or missile as 
an example. By means of some in- 
telligent device capable of measur- 
ing the steering error, that is the 
difference between actual and de- 
sired aircraft course, a command 
which is a function of that error is 
computed and transmitted to the air- 
craft. The command is conveyed to a 
servo which deflects a control sur- 
face in an amount and direction pro- 
portional to the signal. If the steer- 
ing equation requires that the 
airframe respond in a particular way 
to the command, it may be necessary 
to add other inputs to the servo. For 
example, if the command is to cor- 
respond to airframe rate of turn, 
the output of a rate gyro should be 
added. If it is to correspond to air- 
frame lateral acceleration or load 
factor, the additional input may be 
a linear accelerometer. All of these 
devices are integral parts of the 
flight control servomechanism. 

The general scheme just outlined 
can be expressed in block diagram 
form. (Fig. 1). The diagram con- 
sists of an outer loop and a number 
of inner loops. The innermost loop 
and the transducers responding to 
the airframe dynamics are what we 
have defined as the flight control 
servo. The outermost loop is the 
steering loop. 

Although the conventional auto- 
pilot using a human pilot as the 
primary intelligence device is simi- 
lar to the flight control servo, we 
prefer to regard it as a separate class 
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and Aircraft Flight Control 


Fig. 4 (1) Typical servo amplifier breadboard, Fig. 5: (r) Final model of servo 


for reasons of its performance and 
historical development, The auto- 
pilot was originally developed as a 
means of relieving the pilot during 
straight and level flight. As such, 
its primary duty is to respond to 
transient loads imposed by gusts 
and to compensate for steady-state 
loads developed by cross-winds and 
control surface malalignment. The 
piloted aircraft is stable under most 
flight conditions, hence the auto- 
pilot has a comparatively easy task 
to maintain favorable steady-state 
conditions. 


Airframe Performance 


On the other hand, the flight con- 
trol servo built into a guided missile 
or pilotless aircraft is designed to 
operate primarily in the maneuver- 
ing condition. The airframe may be 
constructed with little inherent sta- 
bility since in that way the highest 
maneuverability is obtained. Hence, 
the flight control servo must often 
provide stability as well as maneu- 
Verability to the airframe. 

Historically, the first autopilots 
Were designed with no particular 
airframe in mind, but with regard 
only to their own performance. The 
aircraft manufacturer chose from 
the available models those which 
best suited his airframe. In a later 
Slage of development, the autopilot 
Manufacturer became forcibly 
Aware of the difference in dynamic 
Tesponse of various airframes and 
began to design the autopilot spe- 
@ifically for the characteristics of a 
Particular airplane. In fitting the 
‘Autopilot to a frozen design, inevit- 
able compromises were made and 
the result was not always as desired. 
"In the final analysis, the flight 
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control mechanism and the airframe 
should be designed together and to 
complement each other. When this 
is done, the system performance is 
optimum, regardless of whether the 
aircraft is intermittently or totally 
pilotless. At the risk of over- 
simplifying, it is our purpose here to 
delineate this ideal design process. 

The authors have carefully exam- 
ined the design processes actually 
employed in various flight control 
developments of which they have 
knowledge. Considerable progress 
has been made in the past ten years. 
However, early efforts were ham- 
pered by great difficulties of com- 
ponent development and manufac- 
ture which tended to distract atten- 
tion from more fundamental prob- 
lems. All too often the performance 
of the system as a whole was the 
last thing to be considered, whereas 
logically it should be the first. Many 
guided missiles, for example, 
evolved around components whose 
mechanical, electrical, or aerody- 
namic niceties attracted interest 
quite apart from the problem to be 
solved. Frequently, the understand- 
able desire to use familiar tech- 
niques and components weakened 
any attempt to relate the design to 
the task logically. Today, however, 
the art has reached a state in which 
the designer can resist the preoccu- 
pation with components per se and 
focus attention on the system. 

In the initial stages of design, it 
is necessary to establish the type 
and source of steering intelligence 
and the basic geometry of the steer- 
ing process. These factors are deter- 
mined from consideration of the task 
to be accomplished and the tools 
which come to hand. For example, 
in the case of a guided missile, the 


amplifier ready for flight test 


source of intelligence will depend 
on whether the target can best be 
observed by radar, visually or by 
other means; whether it is stationary 
or moving; and other factors of this 
nature. In steering geometry or 
navigation, we have a choice of 
beam-riding, homing, and precom- 
puted trajectory, as well as combi- 
nations of these methods. The loca- 
tion of the intelligence source, 
whether on or off the airframe, also 
affects the geometry directly. The 
selection of the source of intelli- 
gence and the steering geometry are 
mutually interdependent and their 
problems should be considered to- 
gether. 

In a similar manner, the steering 
geometry and the airframe configu- 
ration are interdependent. A con- 
figuration entirely satisfactory for a 
beam riding missile might be very 
poor for a homing missile, and vice 
versa. 


Loop Transfer Function 


In considering the major steering 
loop it is advisable to determine 
first the characteristics of the com- 
bined control system and airframe, 
without commitments as to the 
physical nature of either, The two 
are considered mathematically as a 
single block. (See Fig. 2). The objec- 
tive is to find a transfer function for 
the steering loop such that the sys- 
tem response to inputs and disturb- 
ances reduces the steering error in 
the desired time. Knowing the char- 
acteristics of the feedback path (the 
steering geometry) and the closed 
loop transfer function, the transfer 
function of the forward path (the 
control system plus airframe) is 
automatically determined. The for- 
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ward transfer function is the ratio 


of the airframe load factor (the 
“g"s pulled) to the steering error; 
the feedback circuit or steering 


geometry converting the airframe 
load factor to a quantity whose di- 
mensions are the same as those of 
the input. 

Having determined the transfer 
function of the combined control 
system and airframe, we can pro- 
ceed to the manner of achieving the 
performance in terms of the sepa- 
rate characteristics of the control 
system and the airframe. At this 
point, a judicious selection of air- 
frame characteristics may materially 
simplify the task of the control 
system, 


Operational Requirements 


In general, the design of the air- 
frame is subject to many considera- 
tions not directly related to steering. 
Payload, range, structural require- 
ments, and propulsion method may 
exert great influence on the config- 
uration. However, the selected in- 
telligence and steering geometry 
must not be overlooked during the 
airframe design. For given require- 
ments on range, payload, and so 
forth, there are available many 
types of airframe configurations; 
some are well suited to one steering 
system, some to another. For ex- 
ample, if the intelligence is a self- 
contained angular-sensing device, 
like a radar homing head, it is im- 
portant to employ a configuration in 
which steering is accomplished 
without excessive angular motions 
of the airframe axis. If this is not 
done, the “noise” introduced by the 
airframe angular motion may over- 
whelm the small angular signal 
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SERVO DESIGN (Continued) 


Fig. 6: Missile servo system test made through flight simulation is carried on in the laboratory of Project Cyclone 


which represents the target motion. 
Furthermore, in such cases, the 
feedbacks utilized in the flight con- 
trol servomechanism must be care- 
fully selected so as to provide what- 
ever static stability or damping may 
be required, to enable the intelli- 
gence equipment to operate. accu- 
rately. 

The division of duties between 
airframe and flight control servo- 
mechanism require the utmost in 
cooperation between the aeronauti- 
cal designer and the control system 
designer. Between them, they must 
arrive at two separate transfer func- 
tions that in cascade have the trans- 
fer function required of the com- 
plete forward path of the steering 
loop. 

When this is done, the major char- 
acteristics of the two sub-systems 
are solidified. On the one hand we 
obtain the general aerodynamics and 
mass parameters (weight, moment 
of inertia, etc.) of the airframe, and 
on the other, the nature of the dy- 
namic inputs to the flight control 
servo, such as transverse accelera- 
tion, angular velocity, angle of at- 
tack and so forth. It remains to de- 
sign the flight control servo to the 
derived requirements. 

This may be done initially by con- 
sidering the servo controller and 
feedback elements as simple gains. 
Using elementary servo theory the 
output of the control servo-airframe 
cascade may be analyzed in response 
to some extreme frequency compo- 
nent of the intelligence output. 
Knowing the phase lags and ampli- 
tude ratio for the cascade needed to 
achieve the necessary following 
accuracy, the static gain and damping 
contributed by the servo can be cal- 
culated. If the analysis is extended 


to cover all input frequencies the 
usual Bode or Nyquist plots can be 
drawn and the phase and gain mar. 
gins measured, However, the value 
of this type of analysis is somewhat 
questionable at this point since the 
computation must be repeated for 
each point on the flight path where 
the airframe transfer function para- 
meters undergo a significant change, 
Furthermore, the traditional fre 
quency analysis tacitly assumes that 
the transfer function is not time- 
varying, which is not always the 
case in the real airframe. The ¢o- 
efficients of the differential equation 
describing the aerodynamics are not 
constant, but vary with altitude and 
velocity. Hence, the frequency 
analysis is strictly applicable only in 
the case where these parameters do 
not vary with time- 


Computer Analysis 


Rather than complete the fre- 
quency analysis, the recommended 
technique is to set up the equations 
of motion of the airframe and of the 
simplified servo on any of the com- 
mon varieties of electronic analog 
computer. The aerodynamic para- 
meters can be modified quickly and 
easily on these machines to corré- 
spond to velocity and altitude. The 
servo gains can be varied about the 
values found by hand calculation; 
and finally, the effect of a finite 
servo time constant can be investi 
gated, starting with a value about 
one-half to one-fourth that of the 
airframe. The input to the servo 
should be simulated by a _ step 
function or combination of a step- 
function and slow ramp-function. 
If available, records of actual noise 

(Continued on page 151) 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


4 
3 
¢ 


% 


ca 


Latest listings of manufacturers names, addresses, telephone numbers and principals to contact for microwave products. 
Ade Communications Labs., 1 LeFevre Lane, New Ro- Daven Co., 191 Central Ave., Newark 4, f . . 
OA arold Danson, 61620, Communication Newman, Mi 2-6555, indicators, Meters, "“ikeaneon . Am ni ~~? "entgunene,. Woolas“ b-akD, 
DeMornay-Bonardi, 3223 Burton Ave., Burbank, Callf., Microwave Test Equipment 
wees in inrymont Lab, Ine., 160 Old Country feat. Rf. E, oMornay, RO 9-2049, Microwave Equipment Combes, tae. John, 103 Montgomery &t., Irvington, W.J., 
the = Becsoes DuVal, G'rden City 30600, Diamen tata Corp. of arth Ave., Wakefield, (Mase J. Gombos, £8 5-633, Mierowave Components 
Ga an r ’ crowave Components, 
be wegen. 20 €. Eliznbeth Ave., Linden, W.J., Al Test Equipment Rogiet Poghene fe by vat Oy tae 
ars | 38102, Waveguides Doing Ang And ynegee, gsredigenlnger nse meat, Laboratories, 711 Hamilton Ave, Menlo Park, 
ue Allied tollywood & ie. call, Me ie cenit livwesa wenn Ten “‘eaeatat™ ’ alif., R. A. Huggins, DA 2-0346, Traveling Wave 
4, Wamenté Douglas Microwave Co. 95th St., New York oe 
rat , WY, ROM Dewsias 74 natalgar 6-6095, Radar hven Mt 2961 E. Colorado, Pasadena, Calif., 
mooie red South 54th Ave., Chicago ‘erowave 
he i, W. OW » hone. ais, 's 1d00, Coaxial Cables, Microwave Compone Fo eri rm, "éveamore 5:4 ee ae Components 
a = Stesey & 1pece Div., 675 Michigan Ave., Co- Intrmet a a o. ine., an". ore Little 
wmbus jo, Towers , . Roberson, @ Falls 4-0280, 
for eee oe eT eee od Matt acacg «DuMont Laboratories, Ine., Allen B., 1500 Main Ave., Microwave oer Kits 
re Fa bit  Wennetee ' Hy aha ielay ‘Links "Harrison, MUlberry 4-7400, ty yg oe Co., M ps oo, oe oe St. ‘ os, 
f) ones, Power easuring Equipme 
‘a- Corp., 230 Duffy Ave., Hicksville, D namie Eleetronien-New York, Ine., 73-39 Woodhaven 
ne es or “norris, ‘Micksvitle 36200,  Magnetrons, ¥ Pt Glendale, Lat MAY.» J.D. Winer, ILtinols ae Gey ag ag Fy fog, tn tee 
. jesonance Indicator, Field Intensity equip: Kellogg Switehboard & Su Co., 79 West Monroe §t. 
2 East 75th St., Chieago 19, Jil, 9 
e ae p, tions alana 4.4400, Xmission line An- Kiteh-Mevelles h, tne., San Bruno, Callf., 0, H. Brown, change 3, Nemthellie and jes 0 tesiement ™ 
lat Juno 8-1212, Microwave, Tubes,  Kiystrons Kant Cou F. 6.. 64 Howard Ot. Irvington, W.J., W. W. 
@- a's toh “od 1947 Farmingdale Rd., Westfield, Electrical foeer Service, Ine., 206 8. Washinaton st. St., Kean, Jr, Essex 3- 5500, Wav 
: hi. HM, Umineki, WEstfeld 2-4434,' Microwave Peoria, l., 8. Bernstein, 5.9846, Microw 
Kings Electronics Co., 40 wersittale Rd., Tuckshoe 7, 
he Kieetre-lmpolse Laberstery,'62 White. St Red Tent, WY., W. A. Clayton, Taekahee 3-6790. ‘Waveguide 
5 ba tien, Red Ba vd Ze" my Eatontown, nd. P, = ~ = A, Rubin, ed, ‘Bank 6-0404, Microwave Gen- Components, Test Equipment 
- jontown otors, Communications ’ Kinney Co., Joseph, Rossiyn Road, © ie, Pi 
Bockman tnetremonts ine., 2200 Wright Ele ue Resgieten eet ty 119th St, & 20th Ave., Kinney, it,, Walnut "1226. Rectangular Wievencles 
in itimend Calif. WH. A. Stearns, LAndseape ger es .¥., F. K. Glark, Flushing Kline tron & Metal Co., 1225-35 Huger St., Columbia, 
ot wreneseey Gowers auerna th wrate 7% "GL00. W. Flectesont, 8t pee Wing a 
were ectrie Mig. UO., « Florissant, St. Laboratory for Electronics, Ine., 75 uf St., Boston 14, 
nd me Corp., 1800 E. 38th St., Cleveland 14, Louls 21, Mo. R. T. Queen, CO 1800, Microwave . 
, Wm. Widler, Express 21-3535, Coax Equipment, Sree we V8 ’ ’ Mass., M. C. Lewis, R 12-3200, Microwave Oselilator 
cy ng ee E at bon Products Corp., 38-15 Bell Bivd., Bayside — {aberater 2 13600" Near Sys aah 
: mplre Devices wets Corp., 38- e ., Bay Dederick, Matawan iar Systems 
eg *. on “aa tee Pittsburgh, aA ALS Fe Dargo” BAyside 4-8500, Milerow Lear, Ane, #11916, W. Pleo Biva., Los ane 34, Calif., 
do Mip. Corp., 315 Seige! St., Brooklyn 6, N.Y. Engineering Associates, 434 Patterson Rd,, Dayton 9, oe, See ee 
ba ioe, HY 7-4972, Microwave Components & hie, Wane t 1662, M re Test Et v., Lente etre, Wall, 7 S216, Commentection 
Espey rm. 528 €. 72nd t.. New Na- Equipment 
es ty Mfg. Co,, 52 lowa Ave., Paterson 3, N.J., than MPlnstey. TR 9-7000, Microwave Equipment Lieco "Ine. 147 Ocean Ave., Lynbrook, W.Y., A. Zeltz, 
ah rah oR OR SR 
le aboratories, ine., lem jeverly, Mass., elephone legraph Corp mn AVe., Test Equipment 
Benson, Bev 4670, Magnetrons, TR Tubes, Thyra- Nutley 10, W.J., 8. Metzger, Nutley 2- , Miero- Litton Industries East Brittan Ave., San Garton Callf. 
wave Links C. V. Litton, LY 3-3757, Microwave Tubes = 
. | Menton Radio Corp., Boonton, W.J., F. G. Marble, Federal Tolesommanteations Labs,, Ine., TV Branch mt. 
. Boonton 8.3200, Signal Generators 17, Lodi, N.J., R. G. Bach, Hubbard 8-8440, T. V “_— if fat owe hI Hanan Menglat 
od Wil Englnoorin Corp., Lincoln & Pond St., Bristol 1, Wlerowavs Lina Modulat 
- J, Zeigier, Pulse Equipment Fotere! Tesopeny, A & a? can ig Kin a Rd., Manson Laboratories, 207 ec Sraemalen Ave ., Stamford, 
De berate’ ve eSteh, tin teeeed ten Meee aR, Iaeeheee, Ghamterd 2-400, Gileroamse Totes, 
1e Z 6:3700, 
Fairfield Ave., Stamford, Ferris instrament Co. NJ. We oD ontrose leago 
= oF, Rogie sca 3s Fa ie-onsi, Microwave Boonton 8-0781, AL Sometare pe Call: not era Tivies riety >= ae 28. 
Ig fon Devel: 3209 Humboldt St., Fred. Tranaarme 1718 Weirfield St., Brooklyn 27, N.Y., women on, © Silt i? 5. Mishoo th By Bn 
\ oe Sea D: Abas GA'S-1051, Sip: : een 300, test = SUS Ga ae ' ' 
. | or ° 
d | Hem Coro., 5955 Sepatveda, Bivd., Van Nays, Cat, "NcJ-.,H, Burt, Asbury Park 1-1718, Frequency Meters —“*awuremants, Corp., Boonton, Mit. H.. Heueh Boon 
Ryckoff, State 5-8694, Radar Equipment oun ‘Radlo Corp., 70 Washington St., Brooklyn, N.Y., i 
= Miuvarah, Gorm, 53 Vietry Lane, Los Gatos Maurice Raphael, Ul-2-6000, Radar Test Racks ne eee Gee eae 2.1270, Coaxial 
. }. L Gate 41905, Kelesion tine, General Communieation Co., 681 Beacon St., Boston, Laake pe ee 
litude Modatater, 1 es Mass., J. B. Hamre, CO 7-6030, Microwave Test Equip- ponen 
e Electronies » Comtary tt Corp. 1 ment ule Instrument Co., 80 Trowbridge en 
a. nn Gate et. Stele St 71178, General Electric Co., Tube Dlv.. Sthenestady 5, N.Y. Mass. R. F. Walker, Kirkland 7-8660, Coaxial Wave- 
} elson, 4- , Microwave Tu 
laberatores, "392 Ludlow. St., Stamford, Conn., General Elestre Co., Commersial Equipment Div. Flee ee ik a pons Fremont. Se. Vase 
e “t 4. tant on Test com, ierewaee Oselllators tronics Park, Syta Syracuse, N.Y., P. Le Chamberlain, rectors, Cabl tol; Py t-278, ei Gon 
- *, a Rite Weert ve fn, Be Becat 76-4411, ¥) Relays Mierolab Ridgewood Rd. W.J., 
t v., Sufi, ornon Coneral Le Co. 275, Ween Ave. a _fentetten, ngenbii rie. Boies Orange 2- 3430," Coaxial Attenuators, 
leation Products Co., Ine., Freehold, W.J., J. Ge “ary 
i . moral Precision Laborat ine., 63 ‘i niet Associates Ine. as Cummi 
e “past Freehold $1880; Communication Equipment, Pleasantville, W.Y., eu. L ombardi, wee Be. 15, Mass., D. W. Atehiey, Jr., Ceolen de 4441, = 
0 Glass Works, Wow Products Dix. Corning, W.Y 2-2000, Mlsrovare Components meant " feodeue tes) 
wae Ese i erowave Developme ey gt By Rn Bee 
" Norman, ing 6-3271, Microwave Compo- — ae te sy We f2ts0, Fe See. tham 54, Mass. T. § Saad, Microwave Connectors 
‘ ‘ aaa nS. ‘ cal, ponents — Motorola, Inc., 4545 Augusta Blvd., Chicago Sl, i., 
2.8191, + in Sen 6S attmeters, Gertsch Products, ine., 11846 Mississippi Ave., Los E. S. Goebel, SP 2-6500, Microwave ag 
. ye Angeles 25, Callf., E. P. Gertsch, Frequency Meters Retloned Instrument Co., 23 East 26th Rew w vert 
: GEER a15a Radar sna, ‘ rae Sronuite "Giiniten. outs 11 tains hae Switch ahaha ma. § 
wd, - nnas, +» Sen jan, 5 lerowave Equip- 
ponents meat ve (Continued on page 149) 


& ELECTRONIC INDUSTRIES * November 1953 


i many ways the tape recorder 
has quite recently become an in- 
dispensable item of equipment for 
the broadcast station. It is used reg- 
ularly to delay broadcasts, for spe- 
cial events and news work, for refer- 


ence recordings, for high-fidelity, 
seratchless recordings for FM 
broadcast and numerous other ap- 
plications. The small station with a 
limited staff can ease the work load. 

WINC is a 250-watt local station 
with a network affiliation. As in most 
net stations, it is necessary to DB 
or delay broadcast on several net- 
work programs weekly. 

An automatic tape starting device 
was designed and built, which has 
taken all the DB burden from the 
operator, and hasn’t missed a pro- 
gram yet. When the operator comes 
on duty, he sets the controls for all 
DB recordings during his trick. The 
devices to be described do the rest. 


4 By 

| PHILIP WHITNEY 
' Chief Engineer 
WINC, WRFL 
Winchester, Va. 


At WINC and WRFL (FM) three 
different types of Ampex tape re- 
corders are used. Each has a differ- 
ent control and starting problem, so 
all three types (300, 400 and 400A) 
are covered here. 


Automatic Start 


The type 300 (floor model) is au- 
tomatically started by two inexpen- 
sive time clocks and a time delay, 
thermally operated. This machine 
must first have the primary power 
applied, then, after warm-up, the 
motor is started, and lastly, the 
“Record”. button is depressed. This 
order must be followed, and the 
starting of the tape travel and de- 
pression of the “Record” button 
cannot be simultaneous. A $5 elec- 
tric time clock is.set to apply the 
primary power to the recorder a few 
minutes before the second clock, a 
Telechron “House. Timer,” model 
8H55, which cost less than $15. starts 


the time delay sequence. This sec-* 


ond clock is remodelled by remov- 


ing the 115. volts from the socket in 
the rear, and merely using the con-' 


tacts in the clock as shown in Fig. 1. 
Since both of these clocks can only 
be set to 15-minute intervals, the 
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Expanding the Tape 


Delayed broadcasts and special recordings may 
be handled efficiently with minimum station 


personnel, Inexpensive time clock and delay 
relay provide on-the-nose automatic operation 
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Fig. 1: Automatic starting system for a magnetic tape recorder 
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Fig. 2: Timer and clock arrangement for starting the Model 400 tape recorder 


Fig. 3: Automatic and manual start-and-stop system used with ‘Automatic Announcer" 
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sl Recorder's Usefulness 


first clock is set to run about 5 min- 
utes fast, and the second is set about 
one minute or less fast. When the 
second clock applies power to the 
relay which closes the capstan relay 
on the tape recorder, it also applies 
power to a resistor which heats, 
causing a bimetallic strip to close in 
from 10 to 30 seconds, making the 
contact which, in effect, temporarily 
shorts out the “Record” button in 
the recorder. The recorder has been 
started in the recommended se- 
quence, and runs until the tape runs 
out or it is stopped by the operator. 
The machine is equipped with a mi- 
croswitch that shuts it down when 
the tape is expended. 

A table model 400 recorder is 
started by the timer and clock ar- 
rangement diagrammed in Fig. 2. 
The clock is another Telechron sim- 
ilar to the one described above. It is 
used as purchased with no changes. 
The socket on the back supplies 115 
volts ac to the tape recorder and to 
the timing circuit when the clock is 
“on.” To set up this recorder for 


Pre-Operation Procedure 


To set up this recorder for 
automatic start the power switch on 
the recorder’s front panel is thrown 
“on,” and the “Forward—off—re- 
wind” arm on the top panel is en- 
gaged in the “Forward” position, 
with the top panel “power” switch 
(motor ‘starting switch) left “off.” 
The robot starter then applies power 
to the electronic portion of the re- 
corder, allows it to warm up briefly, 
then shorts the motor starting 
switch and shorts the “Record” but- 
ton.-A switch on the starter allows 
the machine to be used normally 
when the automatic start is not 
needed. Here, the time delay is 
again a 180-ohm 10-watt resistor, to 
which is applied the 115 volts. When 
this heats, it curls a bimetallic strip, 
closing the contacts. Any other type 
of short time delay device, such as a 
synchronous motor timer may also 
be used, or with slight modification 
of the circuit; one of the thermal 
switches, such as are used in some 
TV boosters, might be used. This 
time delay allows the tubes to heat 
sufficiently in the recorder before the 
relay starts the motor and shorts the 
“Record” button. The time clock, of 
course, should be set about one min- 
ute fast, so that recording will have 
started on the hour or half- or 
quarter-hour segment which is to be 
transcribed. Since the clock will re- 
move all power from the device and 
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the starter at the end of the period 
selected, an additional 15 minute tab 
should be pulled to assure the re- 
corder running for the full period. 
(It was set ahead, so will stop before 
the period is actually over). This 
simple arrangement has saved con- 
siderable money that could have 
been spent on more expensive equip- 
ment, and has done the job admir- 
ably. All cables that interconnect the 
automatic starter and time clock are 
attached to the tape recorder 
through a cable fitted with an octal 
plug and socket with covers, so that 
it can quickly be disconnected when 
the tape recorder must be used out- 
side the station. 


Automatic Announcer 

The third machine is used in the 
FM station exclusively as an auto- 
matic announcer. The device plays 
on the air a continuous tape at every 
station break, giving call sign and a 
brief commercial. Since the wages 
paid to an announcer to make these 
announcements would far outweigh 
any revenue that sponsors can afford 
for FM, this equipment allows the 
FM station to realize income other- 
wise impossible. The continuous tape 
is strung over 10 sets of generator 
bearings provided with retaining 
washers on the sides, on a 2 x 2 ft. 
area in the rack directly above the 
tape recorder mounting. The tape 
automatically starts when the net or 
local program stops at a quarter- or 
half-hour time selected by a time 
clock as a guard circuit. The cessa- 
tion of the program removes bias 
from a relay control tube having a 
plate relay in its circuit. The com- 
bination of the closed circuit of the 
time clock and this relay in series 
allow a set of relays to operate, 
switching program from the line w 
the output of the tape recorder, 
shorting out the “start” button on 
the model 400A. The tape is stopped 
and the program returned to the 
FM transmitter through the use of a 
small piece of tinfoil stuck on the 
tape, which shorts out a pair of con- 
tacts provided in one of the tape 
guides. This operates a “one shot” 
relay. (Operated by a slowly charged 
capacitor in series with a high re- 
sistance and the “B” supply). The 
length of the tape automatically 
times its own operation, and is set 
for about 25 seconds, giving a little 
leeway on a 30-second station break. 
This is an improvement over the 
original time delay relay circuit, 
since it simplifies the operation and 


WRFL automatic chainbreak (center bay) fur 
commercials, station breaks. Relays at bottom 


the time delay is infallible. Since the 
output of the tape recorder in this 
instance is applied directly to the 
link to the FM transmitter, it is nec- 
essary to experiment with levels in 
recording the station identification 
and commercial, so that it will prov- 
erly modulate the FM transmitter. 
Once the ‘proper level is determined, 
it should be noted, and all future 


. changes of commercial recorded to 


this same level. Fig. 3 illustrates 
how the tape recorder is started and 
stopped in conjunction with the 
“Automatic Announcer.” 
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By JOHN H. WYMAN 

Chief Project Engineer 

Bendix Aviation Corp. 
Eatontown, N.J. 


HE need for tubes of the ulti- 

mate in reliability for aircraft 
control equipment makes it impor- 
tant to provide the design engineer 
with more data on the effect of vari- 
ous environmental conditions on 
tube life. 

Life failures in electron tubes fall 
into two classes—the catastrophic, 
or short term, unpredictable type; 
and the type of failure in which a 
more or less gradual deleterious 
change occurs in some operating 
characteristic. The second type of 
failure we will designate long term. 
Eliminating the catastrophic type of 
failure is a problem for the design 
and quality control departments of 
the various tube manufacturers. 
The long term type of failure men- 
tioned above, however, can be ag- 
gravated or ameliorated by the ac- 
tivities of equipment design engi- 
neers. 

The long term life of a vacuum 
tube is directly dependent upon 
several factors among which are the 
following: 

1. Processing 

2. Purity of materials used 
3. Design 

4. Operating conditions 

The first two are outside the scope 
of this article since the equipment 


Results of field tests show effect of environmental 
conditions on tube reliability. How to keep cath- 
ode and bulb temperatures within safe limits 


design engineer must assume that 
his- supplier of tubes has used the 
best possible choice of materials and 
processing economically available. 
There are tubes of many different 
quality levels available on the mar- 
ket from which the engineer may 
choose, These include conventional 
receiving tubes with objectives of 
design of—at most—a few thousand 
hours of life; premium line tubes 
for approximately 10,000 hours; and 
very long life tubes for particular 
applications such as remote trans- 
mitters and undersea cables. 


Factors Affecting Life 


The long term life of a vacuum 
tube is directly dependent, among 
other things, upon: 


. Cathode temperature 

. Electrode temperatures 

. Bulb temperatures 

. Gas pressure within the envelope 

. Rate of evaporation of various ma- 
terials within the tube 

. Rate of evolution of gases from parts 
of structure 


Ubon — 


o 


These conditions are affected by 
operating conditions. such as: 
. Heater voltage 
. Plate dissipation 
. Screen dissipation 
. Ambient temperature 
. Altitude 
. Vibration 
- Control grid impedance 


Fig. 1 shows the effect of cathode 
temperature on life for a rectifier. 
Above the safe operating range of 


NOULWN — 


680°-750°C, the increased rate of 
evaporation of barium causes rapid 
loss of emission and thus failure. 
Operating the cathode at lower tem- 
peratures damages the tube if the 
current demand of the load is 
greater than the supply. 


Cathode Temperature 


Fig. 2 shows how cathode tem- 
perature is affected by heater volt- 
age variations. From these two 
figures it is obvious why close con- 
trol of the heater voltage should be 
maintained for long electrical life. 

Fig. 3 shows what happens to the 
cathode temperature when the bulb 
temperature is raised by overloads 
arising from excessive plate or 
screen dissipations or heat from 
other components or lack of proper 
ventilation. It is obvious that a 
100°C increase in bulb temperature 
above the design point can materi- 
ally shorten the tube life. Tests have 
shown that simply enclosing a 6V6 
in a box approximately one foot 
cubed at maximum dissipation will 
increase the bulb temperature by 
40°C. Picture an enclosed electronic 
unit with 15 or 20 tubes and trans- 
formers. What temperature have 


you? Bulb temperatures as high as . 


400°-500°C have been recorded in 
some airborne equipment. In pre- 
vious articles on this subject, the 
other effects of exceeding element 
dissipations have been discussed. 
(See TELE-TECH & ELECTRONIC 


Fig. 1: (1) Effect of cathode temperature on life of a rectifier, Fig. 2: (r) Effect of voltage variations on cathode temperature 
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INDUSTRIES, June 1953, page 127; 
July 1953, page 43.) 

Fig. 4 shows the increase in bulb 
temperature resulting when a tube 
operating at constant dissipation is 
carried by an aircraft into rarefied 
atmosphere where cooling is re- 
duced as the altitude increases. Ob- 
viously, if a tube is to operate re- 
liably at higher altitudes, then it 
must have auxiliary cooling or its 
ratings must be reduced. 

In addition to raising the cathode 
temperature, increasing the bulb 
temperature also results in release 
of gas from the glass. Gas release 
damages the cathode through the 
mechanism of positive ion bombard- 
ment. High bulb temperatures also 
cause vaporization of barium from 
the getter deposit which redeposits 
on colder spots such as micas caus- 
ing grid leakage. 

The control grid current due to 
collection of gas ions or to electrical 
leakage is in such a direction as to 
reduce the grid bias due to the IR 
drop in the grid resistance. This 
effect may cause excessive screen 
and plate dissipation if the grid re- 
sistance is too large. 


Bulb Temperature 


Receiving tubes use soft glass in 
their envelopes, and their upper safe 
operating temperature varies with 
the application, but for reliable op- 
eration of several thousand hours 
should not exceed about 165°C, and 
should be kept lower if possible. 
Hard glass, nonex, may offer higher 
safe operating temperatures. If the 
tube designs employ proper cathode 


| Hlectron Tube Life 


temperatures (250-300°C) safe 
maximum bulb temperatures are 
possible. 


Vibration Effect 


Vibration has some very severe 
effects on the life of a tube. If the 
vibration of an aircraft or other ve- 
hicle is close to the resonant point 
of any of the parts of a tube struc- 
ture, then destructive failure of 
micas, due to sawing, and of other 
parts due to fatigue and crystal 
growth will occur. Unfortunately, 
the various parts of the tube are of 
such configuration that they are 
resonant at frequencies in the very 
ranges that are experienced in air- 
craft. Destruction of micas from 
sawing by grid side rods or the 
cathodes occurs when these parts 
resonate. When micas disintegrate, 
the particles fall against the hot 
cathode and oxygen and other gases 
are released which damage the 
emission coating. Substitutes such 
as various synthetic micas and ce- 
ramics are under study as a replace- 
ment for mica. ‘ 

Fig. 5 shows roughly the tube life 
as a function of magnitude of re- 
petitive shock. The range of life for 
a given level of shock corresponds 
to the quality range of mechanical 
reliability that is available at this 
time. This chart is prepared from 
empirical data and is submitted only 
to show the general nature of the 
phenomenon. 

Bulb temperatures can be meas- 
ured with sufficient accuracy for 
equipment design purposes with 
“Tempilaq.” “Tempilaq” is a trade 


name for one of a series of paints 
with closely controlled melting 
points. The paints can be applied di- 
rectly to the bulb or other surface 
with a brush, 

Vibration intensity can be meas- 
ured by the use of an accelerometer 
of the type manufactured by the 
Gulton Co. These devices are made 
in the shape of a vacuum tube and 
may be plugged into the actual 
socket under study. The output is 
proportional to acceleration and may 
be read conveniently on a CRO. 

Heat and vibration are the two 
major environmental enemies of 
long tube life. Almost all of the 
above listed operating conditions are 
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Fig. 5: Effect of vibration on tube life 
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related rather directly to these two 
environmental factors. Therefore, it 
is important that the equipment de- 
signer determine these environ- 
mental conditions for the contem- 
plated tube and that the tube 
designer determine the environ- 
mental conditions suitable for the 
desired life of his tubes. Although 
heat and vibration environmental 
factors are not easy to define, cog- 
nizance of the above points is 
resulting in considerable improve- 
ment in systems reliability. 


Fig. 3: (I) Effect of bulb temperature variations on cathode temperature. Fig. 4: (r) Effect of high altitude on bulb temperature 
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per-clad steel waveguide, and coaxial lines 


By J. S. BROWN 
Director of Engineering 
Andrew Corp. 

363 E. 75 St. 
Chicago 19, Ill. 


4 use of waveguide for UHF- 
TV broadcast installations repre- 
sents an approach to the transmission 
line problem that is not feasible for 
VHF-TV. This paper presents design 
considerations involved in waveguide 
installations, and compares wave- 
guide and coaxial line on an eco- 
nomic basis. 

The primary advantage of wave- 
guide is that it offers a lower atten- 
uation transmission line than is pos- 
sible with coaxial line. In addition, 
since there is no inner conductor in- 
volved, any possibility of trouble 
from inner conductor connectors, 
etc., is eliminated. The absence of in- 
sulation inside the waveguide makes 
it unnecessary to pressurize the 
guide, which also simplifies operation 
and maintenance. 


Initial Cost 


The principal disadvantage of 
waveguide is that of higher initial 
cost. The larger size and therefore 
greater wind loading will require, in 
general, a more costly tower than 
would be required for coaxial line. 
Installation costs will, in most cases, 
be higher than for coaxial line. 

From a basic design standpoint, 
either round or rectangular cross 
section waveguide might be consid- 
ered as possible shapes. However, the 
rectangular guide is definitely pre- 
ferred. The projected area, and 
therefore wind load, is less for a rec- 
tangular guide than for a round 
guide with the same cutoff fre- 


Economic analysis of transmission line installa- 


Wavesuides 


tion and operating expenses shows how low 
waveguide attenuation offsets high initial costs 


quency. The useful frequency range 
in rectangular guide is substantially 
greater than for round. For the rec- 
tangular shape, the frequency ratio 
of the first and second modes is two 
to one, and in round guide it is only 
1.3 to 1. This means that five or six 
different sizes of round guide would 
be required to cover the UHF-TV 
band, while two sizes will accomplish 
the same coverage in rectangular 
guide. The polarization of the propa- 
gated wave tends to rotate irregu- 
larly in round guide, making it diffi- 
cult to couple into and out of the 
guide. Almost the only advantage of 
the round guide is its lower attenu- 
ation. Present standards are set up 
to use rectangular guide in the dom- 
inant TE,, mode. 


Small Range 


, While rectangular waveguide can 
be operated in the dominant mode 
over a two to one frequency range, 
its practical use is limited to a small- 
er range. The attenuation is quite 
high at frequencies close to the cut- 
off, and operation near this fre- 
quency is usually avoided. The 
RETMA has established standards 
on two sizes of guide for use in the 
UHF-TV spectrum. WR-1500, which 
measures 74% x 15 in. inside di- 
mensions, is designed to cover from 
470-750 MC. WR-1150, which meas- 
ures 5.75 x 11.5 in. inside dimen- 
sions, is designed to cover from 640- 
890 MC. In the range 640-750 MC, 
either size can be used, but the 
larger size has lower attenuation. 
While waveguide in smaller sizes 
is fabricated by drawing or extru- 
sion processes, these large sizes are 
beyond the capacity of such fabri- 
cation facilities, and it is necessary 
to manufacture these guides from 
sheet metal. Of the various metals 
available, aluminum and copper clad 
steel seem to be the best practical 


possibilities, and waveguides have 
been made out of both materials, 
Copper is, of course, also a possibil- 
ity, but its low strength requires 
such a heavy sheet that it cannot 
compare on a cost basis. The use of 
copper clad _ steel combines the 
strength of steel and the good con- 
ductivity of copper. Since the pri- 
mary reason for using waveguide at 
UHF-TV is to obtain low attenua- 
tion, copper clad steel is definitely 
preferred over aluminum, since its 
attenuation is about 80% that of 
aluminum. 

This material is produced by weld- 
ing together plates of copper and 
steel, and then rolling them to the 
desired size and thickness. In this 
manner the intrinsic high conductiv- 
ity of copper is retained, and the 
copper is present on the conducting 
surface where it is needed for low 
attenuation. Fig. 1 shows the atten- 
uation of waveguides fabricated of 
aluminum and copper clad steel, with 
coaxial line attenuations also in- 
cluded for comparison. 


Tower Installation 


Another advantage of copper clad 
steel is the simpler tower installa- 
tion that can be used. Experiments 
indicate that the thermal coefficient 
of expansion of copper clad steel 
sheet is the same as that of steel 
alone. This means that when the 
wave guide is installed on a steel 
tower, it can be bolted rigidly to 
the tower without providing for dif- 
ferential thermal expansion. If alu- 
minum is used, a spring hanger type 
of installation is required to accom- 
modate this difference. 

Fig. 2 is a photograph of a short 
piece of waveguide and shows one 
construction that may be used. It is 
made of copper clad steel sheet, with 
0.050 in. of steel clad on both sides 
with 0.006 in. of copper. The copper 


WAVEGUIDE VS. 6'/, IN. COAXIAL LINE 
TABLE |: Years to Balance Higher Initial Waveguide Cost Against Operating Savings 


TV CHANNEL 250 Ft. Tower 


500 Ft. Tower 1000 Ft. Tower 

WRI1T50 WR1500 WR1150 WR1500 WR1150 WR7500 
19 (500-506 MC) 2.4 — 3.0 _ 5.8 
49 (680-686 MC) 4 1.4 Pf 1.5 1.9 4.7 
77 (848-854 MC) .25 —_ 4 — 1.2 -— 
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Fig, 2: (1) Waveguide section made from copper-clad steel sheet. Note spot-welded seam. Fig. 3: (r) Flange for connecting 10-ft. guide sections 


clad steel sheets are bent to form 
two halves, and are joined by spot 
welding in the center of the long di- 
mension of the waveguide cross sec- 
tion. The joint is located in this po- 
sition because at this point in the 
waveguide no current flows across 
the joint, eliminating the necessity 
for a continuously soldered or 
welded good conductivity joint. The 
waveguide is normally fabricated in 
10 ft. long flanged lengths. This 
length is limited at the present time 
by the length in which sheets are 
available. Fig. 3 is a photograph of 
the type of flange that is used for 
joining ten foot sections. These 
flanges are being standardized di- 
mensionally by the RETMA, so that 
interchangeability between wave- 
guide supplied by all manufacturers 
will be assured. 


Few Fittings Needed 


Relatively few fittings are re- 
quired for a waveguide installation, 
since the connections at the ends are 
usually made in coaxial line. Transi- 
tions to coaxial line, elbows in both 
planes, and mounting clamps will be 
the only fittings required for most 
installations. Fig. 4 shows a transi- 
tion from WR-1150 waveguide to 34% 
coaxial line. Fig. 5 shows a mounting 
hanger for supporting the waveguide 
on a tower. It attaches to the seam 
on the waveguide rather than to the 
flange, which makes attachment to 
the tower much easier and more 
flexible. 

Since the waveguide is not pres- 
surized, some breathing and ac- 
cumulation of moisture within the 
guide is inevitable. This can be eas- 
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ily taken care of by drilling small 
drain holes in the guide at the low- 
est point (or points) in the system, 
so that any moisture that collects 
will drain out. 

Perhaps the principal technical 
problem in connection with copper 
clad steel as a material is the corro- 
sion problem. It must be emphasized 
that the corrosion resistance of this 
material cannot be compared to that 
of a copper plated surface, which 
provides inherently poor corrosion 


Fig. 4: Coax-to-waveguide transition 


protection primarily because of its 
porosity. 

Since the copper on a clad sheet 
starts out as a relatively thick rolled 
sheet of copper, it does not exhibit 
porosity, and if the cladding opera- 
tion is properly controlled the con- 
tinuity of copper is excellent. Cop- 
per thickness used at the present 
time for waveguides is 0.006 in. Clad 
panels with 0.003 in. of copper have 
been exposed to the outside atmos- 
phere in Chicago for approximately 
one year without any indication of 
corrosion. 

The edges of the sheets are, of 


course, subject to corrosion and must 
be protected. Where they occur out- 
side the electrically operative part 
of the guide they may be painted. 
Inside edges are currently protected 
by tinning (soft solder). The entire 
outside of the guide Gan be painted 
when the tower is painted, thus pro- 
viding additional protection on the 
surfaces that are subject to the worst 
corrosion conditions. 

The only commercial justification 
for the use of waveguide is on eco- 
nomic grounds. There are, of course, 
many ways to make an economic 
analysis and the results almost al- 
ways depend on individual condi- 
tions. The following analysis has 
been prepared to show in a general 
way the justification for the use of 
waveguide. 


Basis for Comparison 


The basis used was to compare 
waveguide and coaxial line on an 
“equal radiated power” basis. Since 
the attenuation of waveguide is 
lower than that of coaxial line, less 
r-f power output from the trans- 
mitter is required to produce the 
same radiated power. This results in 
operating savings which will balance 
out the higher initial costs of wave- 
guide. These higher costs include not 
only the waveguide, hangers, and 
fittings, but also the extra costs of a 
heavier tower and more expensive 
installation. The operating savings 
were based on a transmitter of 10 to 
12 KW rating, and include savings 
in transmitter tubes and power costs 
on the basis of a 12 hour daily op- 
erating schedule. 

(Continued on page 170) 
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Recent Electronic Developments at 


MICROWAVE FREQUENCY STANDARD SERVICE 


N an effort to keep pace with the 

growing utilization of an ever ex- 
panding r-f spectrum, NBS makes 
available to science and industry 
accurate standards of frequency 
measurement. Research and devel- 
opment of frequency standards in 
the microwave frequency spectrum 
is under the direction of Dr. Harold 
Lyons and L. J. Rueger, The Micro- 
wave Frequency Standards Labora- 
tory is equipped to operate between 
300 and 40,000 mc with completely 
standardized equipment, and up to 
75,000 mc with instruments cur- 


rently in the final stages of develop- 
ment. In addition to the broad re- 
search program in microwave prin- 
ciples and techniques, the laboratory 
calibrates the secondary microwave 
frequency standards used in science 
and industry. 

Frequency meters sent to the Bu- 
reau are calibrated, when possible, 
under normal operating conditions. 
For instance, if the meter has a 
build-in detector and indicator, suf- 
ficient power is used to operate the 
complete indicating system. Or, if 
the meter can be employed either 


Harmonic generators covering 300 to 10,000 MC (u-1 to 1-1) and 10,000 to 75,000 MC (u-r to I-r) 
ireon ema 


Two wavemeters being calibrated by NBS frequency standard (I). Ammonia clock is at right 


3 


as a transmission or a reaction de. 
vice, the calibration includes both 
methods, and checks are made for 
any existing discrepancies between 
the two. The ambient room temper- 
ature of the calibration laboratory 
is maintained at 23° +:2° C, and the 
relative humidity to 50 percent +2 
percent. Meters are permitted to 
reach equilibrium with the room 
conditions before a calibration is 
made. 

In the calibration procedure, the 
standard frequencies are applied to 
a crystal diode mixer. The desired 
signal is selected and all others are 
rejected by a tunable transmission 
filter, which has been previously 

(Continued on page 143) 


AUTOMATIC COMPUTER 


SWAC—the National Bureau of 
Standards Western Automatic Com- 
puter—is now being operated 24 
hours a day, five days a week to 
solve a wide range of complex prob- 
lems. SWAC is a general-purpose 
digital computer constructed by NBS 
in 1950 under the sponsorship of the 
Wright Air Development Center, 
and contains 2600 tubes and 3700 
crystal diodes. The first of the high- 
speed electronic computers to be 
completed with the very fast Wil- 
liams tube (cathode-ray tube) mem- 
ory, SWAC operates at a rate of 
16,000 additions or 2600 multiplica- 
tions per second. 

Recently the scope and complex- 
ity of the problems which the ma- 
chine can handle have been greatly 
extended through the installation 
and successful operation of a mag- 
netic drum auxiliary memory. The 
new memory holds 16 times as much 
mathematical information as the 
CRT memory with which it will be 
used, 

SWAC’s high speed results from 
its special Williams tube memory 
and its parallel mode of operation. 
The memory unit consists of a bank 
of cathode-ray tubes which store in- 
formation as bright spots of charge. 
The unit is operated in parallel, that 
is, all the digits of a number are 
transferred in or out of the memory 
simultaneously, thus greatly re- 
ducing the time required for transfer 
of information. In serial machines, 
such as those using acoustic- 
delay-line memories, numbers and 
instructions are represented by 
trains of electrical pulses. But in 

(Continued on page 141) 
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the National Bureau of Standards 


A. W. Holt of the Electronic 
Computers Laboratory, has recently 
completed prototype memory based 
on the idea of utilizing diodes and 
capacitors as the basic storage units. 
It more than matches the speed of 
the arithmetic unit used presently 
in SEAC and should at the same 
time, because of its simplicity, be 
| more reliable than other memories 


; Storage element in diode-capacitor memory 


now in use. The most difficult part 
. of the basic problem of high-speed 
) access was overcome by the devel- 
) opment of a selector matrix switch 
7 using diodes and transformers. The 
test system was recently connected 
to SEAC, and a continuous checking 
program was run on it for 12 hours 
without a single error. 

The basic circuit for the storage 
element consists of two diodes in 
series, with one side of a capacitor 
tied to their mid-point, and the other 
side grounded through a resistor. 
Point “E” is used for both reading 
and writing, while the two diodes are 
used as a “squeezer” to connect the 

capacitor to the read-write circuits. 
During holding, both diodes are bi- 
ased in their back direction. For ex- 
ample, the anode of one diode might 
be held at —4 volts while the cath- 
ode of the other is held at +4 volts. 
Then, if the capacitor has a charge 
of, say, 2 volts, both diodes will be 
: biased in their back direction, and 
: only small currents will flow into or 
out of the capacitor. 
When the ends of the diodes are 
both forced to ground potential 
; (“squeezed”), one diode or the 
other will conduct, and a voltage 
j will appear across the resistor. If 
. the capacitor has been charged with 


See page 86 for more reports of recent 
developments at the National Bureau of 
Standards 


eee 


2 volts of such polarity as to make 
its lower terminal more negative 
than its upper terminal, there will 
appear at the output E a pulse of 
—2 volts, which dies out with the 
time constant RC. This negative 
pulse is recognized by the reading 
circuits at the output as the binary 
digit “zero.” If the polarity on the 
capacitor had been in the opposite 
direction, the squeeze would have 
produced a positive pulse which 
would be recognized as the binary 
digit “one.” Thus, the content of the 
storage element has been read; but 


DIODE-CAPACITOR MEMORY FOR HIGH-SPEED COMPUTERS 


in the process it has been at least 
partially discharged, and the infor- 
mation has been lost from the stor- 
age element. The information must 
be rewritten to continue the storage 
beyond the reading operation. 

In order to write (or rewrite) in- 
formation it is only necessary to force 
the point E to the desired state and 
hold it there until the squeeze is 
over. While the ends of the diodes 
are at zero voltage, assume that E 
is forced to -+-2 volts and held there 
until the diodes are returned to their 

(Continued on page 138) 


“OBSTACLE-GAIN" VHF TRANSMISSION 


Recent experiments with long- 
range VHF transmission in moun- 
tainous regions have demonstrated 
the possibility of utilizing knife- 
edge obstacles as a means for 
increasing the received signal en- 
ergy of TV, FM, and military com- 
munications. Analyses of the experi- 
mental data and interviews with 
scientists and engineers in the field 
were conducted jointly by the U. S. 


Army Signal Corps, NBS and RCA. 
Indications are that the disadvan- 
tages previously attributed to trans- 
mission of very high frequencies 
(30 to 100 mc) among high moun- 
tain ridges can actually become 
powerful aids for reducing both 
transmission loss and tropospheric 
fading. The results of these obsta- 
cle-gain experiments may have a 
(Continued on page 146) 
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Profile (top) of VHF transmission path. Experiment demonstrates how high mountain ridges may be 
used to increase received signal strength. Recording (below) shows actual loss 
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TYPICAL SAMPLE RECORDING ON THE ABOVE PATH 


NBS DEVELOPMENTS (Continued) 


SEMICONDUCTING INTERMETALLIC COMPOUNDS 


Investigations into the fundamen- 
tal properties of semiconductors 
have revealed that certain interme- 
tallic compounds show promise of 
extended use in solid state elec- 
tronic devices. Current research, 
under the direction of R. G. Breck- 
enridge of the Solid State Physics 
Laboratory is concerned principally 
with the conductivity and the Hall 
effect of such metal compounds as 
indium antimony (InSb) and alumi- 
num antimony (AlSb). Of immedi- 
ate importance is the fact that these 
combinations may have equal or 
greater utility than the germanium 
and silicon semiconductors pres- 
ently in large demand. More exten- 
sive investigations are expected to 
disclose many useful and ‘interesting 
characteristics of these hitherto rel- 
atively unexplored materials. 

The current research program has 
involved an investigation of the Hall 
effect and the conductivity of sev- 
eral such semiconducting materials. 
Related phenomena, such as optical 
absorption spectra, photoconductiv- 
ity, and rectification effects, are also 
under observation. All of the’ studies 
thus far have been performed with 
polycrystalline samples; but when 
methods of growing single crystals 
have been successful, each experi- 
ment will be repeated on these 
crystals. 

High charge carrier mobility is a 
fundamental property required for 
transistor action. In a point contact 
transistor the emitter injects “holes” 
into the semiconductor. These holes 
migrate under the influence of the 
applied electric field to the collector 
where their presence influences the 
flow of electrons from the collector 


Liquid nitrogen aids Hall 


through to the base electrode. The 


ability of the transistor to follow 


high frequencies depends on how 
fast the holes can travel from the 
emitter to collector; the shorter the 
time required, the higher the fre- 
quency. In a typical sample of high 
grade germanium, the mobility is 
about 3000 cm?/volt sec. For ordi- 
nary-size electrodes and spacings 
this restricts the highest frequency 
to about 10 or 20 mc. By making 
the contact points very small and 
by putting them very close together, 

The samples of indium antimony 
investigated by NBS have not been 
sufficiently pure to give transistor 
action, but their mobility (20,000 
cm?/volt sec.) is about seven times 
that of germanium. With sufficiently 
pure samples, transistor action 


should be possible at much hid 
frequencies and at higher power 
levels. The mobilities in the other 
compounds studied (GaSb, AlSh, 
CdSb), while high, are apparently 
not as high as in InSb and may not 
function as well at high frequen. 
cies, 

From investigations of the tem- 
perature variation of Hall effect and 
conductivity, it was found that the 
activation energy of indium anti. | 
mony is about 0.40 e.v. This value 
is too low to allow transistor action 
at elevated temperatures, Gallium 
antimony, on the other hand, has an 
activation energy of about 0.86 ey, 
—somewhat greater than germa- 
nium; and aluminum antimony ap- 
pears to have an activation energy 
greater than 1 e.v.—slightly larger 
than the energy of, silicon. It is as- | 
sumed that from the variety of in- | 
termetallic compounds available it 
will be possible to find suitable 

(Continued on page 147) 


IRON-CONSTANTAN THERMOCOUPLE TABLES 


New reference tables for iron- 
constantan thermocouples, constitute 
an important step toward uniformity 
in this field. Covering a very broad 
range—from —310 to +1600 F— 
the new tables correspond more 
closely to the properties of commer- 
cially available thermocouples than 
do any of the other iron-constantan 
reference tables currently in use. 
The NBS tables are based on an in- 
vestigation carried out by R. J. 
Corruccini, Henry Shenker, and 
other members of the Bureau staff 
at the request of the Scientific Ap- 
paratus Makers of America. They 
have been recommended by the 
SAMA for adoption as a tentative 
standard. 

Each member firm of the SAMA 
that supplies iron-constantan ther- 
mocouples was invited to sub- 
mit sample thermocouples for inves- 
tigation at NBS. These samples were 
to be of commercial materials se- 
lected to match closely the 1913 
table over the range from 32° to 
1400° F. Eight different lots of 
matched iron and constantan wires 
of size approximately No. 8 AWG 
were submitted. Information re- 
ceived from some of the suppliers 
indicated that the iron samples came 


. from at least four different basic 


sources of ingot iron. 

The thermal emf’s of the various 
wires were measured in the NBS 
temperature measurements labora- 
tory from —319.5° to +1800° F. 
From these data, the corresponding 
thermal emf’s for the iron-constan- 
tan thermocouples were computed. 


‘ above 1400° F, measurements in this 
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Deviations of old tables and various thermo- 
couples from relationships in the new tables 


Chemical and spectrographic analy- 
sis of the iron samples and hardness 
determinations were also made. 
From 32° to 1800° F, the wires 
were calibrated in a tubular electric 
furnace. For convenience, the iron 
wires were calibrated against 4 
standard iron wire, and the constan- 
tan wires against a standard con- 
stantan wire. The standard iron and 
constantan wires had previously 
been calibrated against Pt 27, the 
NBS platinum thermoelectric stand- 
ard, and they were rechecked at 
frequent intervals during each run | 
against the platinum element of the 
platinum versus platinum-10 percent 
rhodium thermocouple used 10 
measure the temperature. Because 
of the relative instability of the iron 
and constantan at temperatures 


range were made against a platinum 
standard only. 


By LOUIS WEINBERG 


Research & Development Labs. 
Hughes Aircraft Co. 
Culver City, Calif. 


OR many practical applications 

like coupling a tube to its resistive 
load or to another tube, or construct- 
ing filters of all types, it is necessary 
to be able to realize a given transfer 
function in a suitable form of net- 
work. One highly desirable form is 
that of an unbalanced network (that 
is, one with a common input and out- 
put ground terminal) composed of 
lossless elements terminated in a re- 
sistance. 

In a previous paper’ a solution was 
given to the problem of realizing a 
given transfer admittance by a Dar- 
lington network, such a network be- 
ing defined as one possessing lossless 
elements plus only one resistance. 
We demonstrate in this paper an al- 
ternate solution to the Darlington 
problem by realizing a transfer func- 
tion as an unbalanced lossless net- 
work terminated in a resistance. This 
procedure is more general in that the 
transfer function is not restricted to 
the dimensions of an admittance but 
may also be a transfer voltage ratio 
or a transfer impedance. The final 
network is achieved through the in- 
termediate step of designing a lattice 


This paper 
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whose arms are canonic Foster two- 
element kind networks containing 
the same poles, No mutual induc- 
tance is needed for realizing the lat- 
tice. In many cases the lattice can be 
reduced to an unbalanced network 
without the addition of mutual in- 
ductance; it can always be reduced 
by the use of one real transformer, 
that is, a transformer with finite mag- 
netizing inductance and a coupling 
coefficient smaller than one. 

It is well known that it is impos- 
sible to realize a minimum phase 
transfer function with zeros off the 
j-axis by means of a lossless cou- 
pling network terminated in a single 
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Unbalanced RLC Networks 


Enlightening analysis of circuit transfer functions results in lossless cou- 
pling network containing only one resistance and one real transformer 


o-oo -------- 9 
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Fig. 3: (1) Form of arms in short-circuited lattice. Fig. 4: (r) Lattice where I21:—p/Hq 


resistance.? Therefore for realization 
as a lattice by the method of this 
paper it is necessary that the given 
function have an even or odd numer- 
ator. However, to guarantee reduc- 
tion to an unbalanced form, the nu- 
merator must be an even polynomial 
for a transfer admittance or transfer 
voltage ratio and an odd polynominal 
for a transfer impedance. Atttention 
is focused on realization of the un- 
balanced network since it includes 
the steps for lattice realization. Fur- 
thermore, only the procedures for 
the transfer admittance and the 
transfer impedance need be dem- 
onstrated: it is clear that be- 
cause of the resistance termination 
the problem of achieving a transfer 
voltage ratio is almost identical with 
that of the transfer admittance. The 
general formulas upon which we 
base our discussion are given in a 
previous paper® on another method 
of RLC synthesis; they are also 
given in the Bower-Ordung method 
of RC synthesis.* In both cases they 
are applied to different problems. A 
detailed discussion is therefore not 
required but for purposes of clarity 
and definition of symbols we shall 
restate the necessary development 
and formulas in this paper. 

The method for lattice synthesis 


will be given first and then the gen- 
eral reduction procedure will be 
demonstrated. 


Synthesis Procedure 


We are given a quotient of poly- 
nomials p(s)/q(s), where p is even 
and of degree equal to or less than 
that of q, and q is completely gen- 
eral, i.e., is restricted only in that it 
must be a Hurwitz polynomial. We 
wish to realize the given function 
within a multiplicative constant as 
the transfer admittance Y,, of the 
resistance-terminated lattice shown 
in Fig. 1. First we realize the short- 
circuited lattice shown in Fig. 2; 
then by lattice transformations? we 
obtain the resistance-terminated lat- 
tice characterized by Y,,. 

We let the ratio of the currents in 
Fig. 2 be expressed as 

> I, p m1 

"7, “4 * Rees: 
where H is a positive constant, m, 
is the even numerator, and m, and 
n, are respectively the even and odd 
parts of the denominator. Since for 
3 short-circuited lattice we know 

at: 
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RLC NETWORKS (Continued) 


and that the short-circuit transfer 
admittance of y,, of a lossless net- 
work cannot be given by the ratio 
of two even or two odd polynomials, 
we divide numerator and denomi- 
nator of Eq. 1 by n, to obtain 
mi/Ne 
K = 3 
H (1 + m2/n:)’ (3) 
which, when equated with Eq. 2, 
yields 
Saad m:/Ne 5s, Y, in ¥. (4) 
H (1 + m:/Ne2) Yi oa 4 oe 
It is now necessary to show how the 
numerator and denominator that 


have been derived from the given 


rational function may be identified 
with the lattice arms so that Eq. 4 
is satisfied. 

We consider Y,, and Y, and also 
m,/m, and m,/n, as expanded in 
partial fractions. The residues of 
m,/n,, which we will designate by 
k,™, are all real but may be posi- 
tive or negative; those of m,/n,, 
moreover, are real and positive, 
since the ratio of the even and odd 
parts of a Hurwitz polynomial forms 
a positive real lossless function.® 
Thus the partial fraction expansion 
of the denominator may be written 
as 


H (1 + m2/m:) = H (k,@ + ki? s + 
k,@ k,(@ km 

TE iy Oe re 

k,(® k,(@ 

S— 8 


os 


S =: &¢ 

k,(4) 

= H(k® + kis + 2 — + 
ik (@ k,(® k,(@ 


S$ — 83 


Ss — Ss 
k,() 


S — Ss 


where k,“ = 1 and all the other 
k’s are real and non-negative. It is 
clear that k,“ = 0, if the degree of 
q, the denominator of the given quo- 
tient of polynomials, is odd. It is 
pointed out, furthermore, because 
of its importance in the reduction of 
the lattice to an unbalanced net- 
work, that k,™ is always greater 
than- zero, that is, the pole at the 
origin is always present. ; 
If we now equate the residues of 
like. terms for the numerator and 
denominator of Eq. 4, we obtain 


k,(> — k,@ = k,(™) (90,1, 2..-.8) 

- where r is the 
k, +k, =Hk,} degree of q) (6) 
This set of two simultaneous equa- 
tions may be solved simply for the 
unknown residues of the lattice 
arms, k,‘® and k,‘). The solu- 
tion is obtained at sight as 


k,“™ ne : (Hk, pe ky™) | 


1 
k,°> 5 (Hk, + k,™) | (7) 


For u = 0 we see from the form of 
m,/n, that k,™ = 0 so that it is 
always true that k,“ =k, = H/2. 
In order for (Y, — H/2) and 
(Y, — H/2) to be positive real re- 
actance functions, it is necessary and 
sufficient that their respective resi- 
dues k, and k,‘» for wp # 0 be non- 
negative. Applying this condition 
to each of the solutions in Eq. 7 
and also making use of the fact that 


kyu) is never negative, we obtain 
as the condition to me satisfied, 


“ky™ 
-ls Hk, “® 


The positive constant H is within our 


$1. (8) 


Fig. 5: (1) Steps 
in conversion of 
short-circuited lat- 
tice to resistance- 
terminated lattice 


control; by choosing it sufficiently 
large, the above condition can be 
met for all values of u. The lattice 
arms are then given by an expan- 
sion of the the form 

Y= H/2 +kis+ k:/s + k;/ 

(s — ss) + ks/(s — 83) +... (9) 
and may be realized by inspection as 
a network of the form shown in Fig. 
3. in Fig. 4 is shown the type of 
short-circuited lattice achieved, 
where Y’, and Y’, are lossless func- 
tions. 

To convert to a resistance-termi- 
nated lattice, we first derive an 
equivalent lattice by removing the 
total conductance from each arm and 
inserting it as a shunt branch in par- 
allel with each of the input and out- 
put terminal pairs; then we replace 
the current scource with its shunt 
conductance by an equivalent volt- 
age source plus a series resistance; 
finally the application of the reci- 
procity theorem gives a lattice ter- 
minated in a conductance of H/2 
mhos for which *.¢ 


Yue = [./E: = (1/2) p/q. (10) 


The sequence of steps is shown in 
Fig. 5. 


Lattice Synthesis Summary 


The lattice synthesis procedure is 
now complete and may be summar- 
ized as follows: 

1. Divide the numerator and de- 
nominator of the given transfer ad- 
mittance by the odd part of the de- 
nominator. (We are assuming an 
even numerator: of course, for p an 
odd polynomial we divide by the 
even part of the denominator.) 

2. Expand m,/n, and m,/n, in 
partial fractions. 

3. For each pole satisfy the appro- 
priate part of Eq. 8 with the equals 
sign; that is, for k,™ negative 
choose a value of H that satisfies 


ku™ /Aky® = —1; and for k,™ 
positive we satisfy the condition on 


Fig. 6: Lossless lattice network 
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Fig. 8: Fig. 6 lattice 


divided into only two four-terminal networks 


Fig. 7: Lattice reduction to unbalanced form, one real transformer 


the +1 with the equals sign. Tabu- 
late all the H values. For the con- 
jugate poles on the j-axis the resi- 
dues are equal, i.e., 


ky = ky +1 for , odd and , =3. 


4. Choose a value of H greater 
than the largest value of H obtained 
in step 3. This guarantees the satis- 
faction of Eq. 8 with the inequality 
signs. (In some cases if we wish to 
save same elements we can let H 
equal the largest value: this makes 
the residue zero in one pole for one 
of the arms.) 

5. Using Eq. 7 find all the residues 
of the lattice arms, and realize the 
arms in the Foster manner. 

6. Convert the short-circuited 
lattice into one terminated in a con- 
ductance of H/2 mhos and possess- 
ing pure reactance arms. 


Transfer Impedance 


The procedure is analogous to the 
one for the transfer admittance with 
a few minor changes that are pointed 
out below. 

In order for reduction of the lat- 
tice to be possible in all cases the 
numerator must be an odd poly- 
nomial. We first realize the transfer 
voltage ratio 


K’ = E;/E; = 212/211 (11) 


for the open-circuited lattice and 
then by lattice conversions obtain a 
lattice terminated in a resistance of 
H/2 ohms for which 
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Zi: = E./I, = (1 / 2) p/q. (12) 
In addition, however, we now re- 
alize the lattice arms by a partial 
fraction expansion of the lossless ad- 
mittances; that is, we have the extra 
step of combining the partial frac- 
tion expansions of (Z, — H/2) and 
of (Z, — H/2), inverting to the ad- 
mittance forms, and then expanding 
these admittances in partial frac- 
tions. It is pointed out that the ad- 
mittances will always have a pole at 
the origin; the resulting shunt in- 
ductance will be used in the reduc- 
tion to an unbalanced network. Ex- 
cept for this pole at the origin, like 
poles will not be present in the ad- 
mittances of the lattice series and 
cross arms. 


Reduction of Lattices 


To demonstrate the lattice reduc- 
tion we will consider the transfer 
admittance, a similar discussion 
holding for the transfer impedance. 
Because of its usefulness in some 
problems, we first discuss a pro- 
cedure that requires the use of more 
than one real transformer. Then we 
consider the more significant method 
that uses only one real transformer. 

The general form of network ob- 
tained has arms composed of parallel 
branches of series LC structures, 
plus one pure inductance branch and 
one pure capacitance branch. As 
pointed out previously there is al- 
ways a pole at the origin so that a 


Fig. 9: Obtaining unbalanced network with one real transformer 


parallel inductance branch is always 
present. It has also been noted that 
the pure capacitance branch is pres- 
ent when the degree of q is even. 
This capacitance, part of which can 
always be removed from the lattice 
arms by a lattice transformation, is 
often useful in the practical instru- 
mentation of the circuit, since it may 
provide for stray input or output ca- 
pacitances or tube capacitances. 


Three Branck Lattice 


For convenience but without loss 
of generality we use as an illustra- 
tion a lattice with three branches in 
each of its arms. The lattice is shown 
in Fig. 6, where like numerical sub- 
scripts designate like poles. Assume 
that the residues in y.,, and y;, are 
greater than those in y,, and y,;,, re- 
spectively, but the residue in y,, is 
greater than that in y,,. By the meth- 
ods of transforming to equivalent 
lattices,*}> we may remove yy, Yea 
and y,, from each arm, and break 
the ladder into a group of parallel 
ladders, as shown in Fig. 7(a). Then 
by a rotation of the output terminals 
of the middle and bottom lattices, as 
in Fig. 7 (b), we obtain an unbal- 
anced form where each of the two 
sets of elements within the broken 
lines represents a real transformer,’ 
that is, a transformer with a coupling 
coefficient less than one and finite 
magnetizing inductance. 

Inspection of Fig. 7 (b) shows that 
(Continued on page 128) 
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CUES for BROADCASTERS 


Practical ways of improving station operation and efficiency 


Flexible Installation 
for Tape Recorder 


LAWRENCE L. PRADO, JR., Chief 
Engineer, WPEP, Taunton, Mass. 


E operate a Presto PT-900 tape 

recorder and amplifier in con- 
junction with our Gates SA-40 con- 
sole and found the following circuit 
permitted extremely flexible opera- 
tion. 

An unused TT input channel of 
250 ohms (pot has “cue” position) 
and an unused utility key on the 
console provided the necessary 
input/output switching circuit. 
Usual circuit break-in connections 
are available at terminal strips. 

The utility key is basically a 
double-pole-three-position type, 
therefore shielded leads from the 125 
ohm program and audition busses 
were wired from the proper break- 
in connections to the key. The key 
arm feeds the 60,000 ohm primary of 
a standard bridging transformer, 
while the 250 ohm secondary feeds 
the Presto amplifier mike #1 jack. 
Mike #1 potentiometer and master 
gain potentiometer are adjusted to 
obtain proper input level while tape 
recording programs. The output of 
the Presto amplifier is fed into a 
20 db pad, 500/500 ohms and a 
standard mixing transformer to 
complete the circuit. Tape cuing_ is 
simplified by the insertion of TT 
potentiometer on the _ console 


eS 


$$$ FOR YOUR IDEAS 


Readers are invited to contribute their 
own suggestions which should be short 
and include photographs or rough 
sketches. Typewritten, double-spaced 
text is requested. Our usual rates will 
be paid for material used. 


through regular cuing system. 

We can tape a program being 
broadcast or from main studio, re- 
mote lines etc., while broadcasting 
regular programs. An unusual echo 
effect, long or short, can be obtained 
if a program is taped from the pro- 
gram bus, and at the same time the 
playback potentiometer on _ the 
Presto amplifier is opened slightly. 
Some experimenting and practice 
will be necessary to obtain a good 
echo. 


Reducing Tape 
Recorder ‘‘Down Time’”’ 


DON V. R. DRENNER, 
KGGF, Coffeyville, Kans. 


SERS of the AMPEX series 400 

tape recorders may find the fol- 
lowing hints helpful in reducing 
“down-time.” The adjustment of the 
“Take-up Torque” switch—a Micro- 
switch actuated by an end-of-thrust 
collar on the Capstan Solenoid—is 
critical. If this switch does not open 


Flexible circuit provides facilities for reproducing, recording, and reverberation 
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when the capstan is engaged, full 
power is transmitted to the take-up 
reel. A slightly high-pitched sound 
for speech, or loss of lows in music, 
will indicate that the switch is not 
opening. The “snap” sound, evident 
when the switch is opening and clos- 
ing, can be misleading when the ad- 
justment is made, because there is 
considerable tension not only on the 
Microswitch arm but on the Sole- 
noid sleeve. Adjust carefully, and 
then measure the voltage at the mo- 
tor to be sure the current limiting 
resistor is being placed into the cir- 
cuit when the switch opens. 

If your machine uses Eastern Air 
Devices motors there will probably 
be no oil cups. However, despite the 
lack of oil cups these motors require 
lubrication. Carefully examine to 
find the two oil holes, and probe with 
a paper clip (straightened out to 
form a 1 in. length) to be sure the 
hole in the outer casting aligns with 
the hole feeding the felt wick of 
the bearing housing. If the hole does 
not align, remove the motor and ro- 
tate the bearing to a proper fit. The 
bearings are held in with a retain- 
ing spring that is easily removed. 
Then oil with 10 drops of SAE 20 
every six months—or oftener, de- 
pending on the amount of use. Lu- 
brication of these motors is import- 
ant, as they do not have end thrust 
bearings. (If run dry the fiber 
washer, and eventually the shaft 
and bearing, will fail.) The Bodine 
motors which AMPEX also fits have 
oil cups, and lubrication of these, 
while equally important, is self-evi- 
dent. 

The AMPEX manual cautions 
against contamination of the brake 
drums by touching with your fingers. 
A deposit of oil film is transferred 
and the brakes will be inoperative. 
The drums and felt surfaces of the 
brakes can be cleaned with, small 
amount of carbon tet. Then sand 
lightly with Wet-Or-Dry abrasive 
both the drum and felt surface of 
the brake. This roughens the felt 
slightly and removes a slight de- 
posit of film which seems to adhere 
from the drive pulley of the turn 
table motor. 

A word of caution: Always wipe 
excess oil away, preferably with a 
solvent. Contamination of driving 
pucks, drums, etc. with oil is the 
cause of most troubles on current 
machines. 
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Amplifier for Echo 

and Special Effects 

EUGENE O. EDWARDS, Chief 
Engineer, KBIX, Muskogee, Okla. 


OR some time we felt a need for 
echo and special reverberation 


effects as a production aid to our 


disc jockey shows and recording spot 
announcements. We tried several 
methods and found that tape re- 
corders with separate playback and 
record heads were most suited to 
our needs, However, the price of 
these recorders is high. 

We had a small Pentron 9T3 tape 
recorder which we used for special 
events and as a salesman’s audition 
playback. It has two speeds: 74 and 
3% in /1 set. A new mounting 
bracket was made for the heads to 
accommodate the third head and the 
original erase and record/playback 
heads were moved slightly to mount 
the extra head. The tape guide shaft 
was moved slightly and a new spring 
added to decrease the pressure of 
the felt fingers on the pole pieces of 
the two record/playback heads. The 
tape was aligned and the pull and 
drag on the tape properly adjusted. 

The output of the new head, 
(which is high impedance) was tied 
to a standard phone jack on the 
front panel of the recorder. This 
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PRE-AMPLIFIER IN 
PENTRON 
RECORDER. 


Third head on Pentron recorder provides cheap 
echo and reverberation effects 


RECORDER 
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completed the actual work on the 
recorder. Details of mounting the 
head are not given because there 
are other recorders on the market 
that will permit this conversion and 
placement of the heads can be de- 
cided in individual cases. 

To obtain our special effects from 
this recorder, the input is bridged 
across the output of the broadcast 
console, and the output of the new 
playback head is matched to a pre- 
amplifier input to the console. The 
tape recorder is placed on the “rec- 
ord” position and the motor 
started. This allows the output of 
the recorder to be fed back into the 
input of the console with 0.133 sec. 
delay at 7% in./sec. and 0.266 sec. 
delay at 3% in./sec. The amount of 
signal fed back from the record head 
can be controlled by the pre- 
amplifier gain. 
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PICKUP WIRE 


25ypF BY-PASS 
FERRI-LOOPSTICK 


TRIMMER 

ADJUST LOOPSTICK 
AND TRIMMER 

FOR MAX. SIGNAL 


PICK- UP 
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COMMON GROUND 


Novel personal station monitor built around “Ferri-Loopstick” uses crystal detector 


Personal Station Monitor 


ROBERT LALUZERNE, 
WJPG, Green Bay, Wisc. 


MONITOR, built around the 
“Ferri-Loopstick” coil, is use- 
ful when it becomes necessary to 
leave the transmitter building. The 
coil combines the high Q and small 
size which are essential for the job. 
High impedance commercial type 
phones were used so they could be 
connected across the tuned circuit 
without materially reducing the Q. 
The regular leads were removed 
from the phones and a piece of 300 
ohm twinlead used to connect them. 
Twinlead was used because it pro- 
vided a convenient method of con- 
necting the phones and also could 
be used as a support for the pickup 
wire. The “Loopstick,” trimmer ca- 
pacitor, by-pass capacitor and the 
1N34 crystal were mounted on the 
end of one of the earphone brackets. 
The method of mounting is shown 
in the diagram. 


This simple monitor provides 
enough volume to be heard at least 
100 feet from the transmitter and is 
useful when making “doghouse 
readings,” etc. 


Tape Duplicator 


JAMES T. GRACE, Chief Engineer, 
WFCB, Dunkirk, N. Y. 


UR engineers found it necessary 

to duplicate’ some recording 
tapes and an inexpensive switching 
arrangement was constructed to 
accomplish this. Two Magnecord 
PT6-AH tape recorders, a PT6-J 
amplifier, and a Magnecord switcher 
PT6-HT are used. The tape dupli- 
cator was designed so that no in- 
ternal wiring was changed. 

The duplicator was built on a 3x5 
in. chassis with an additional plate 
added so that only the chassis ends 
are open. A 4-pole 3-position rotary 
switch is mounted on this cover 
plate. Two Cannon XL-3-13 female 

(Continued on page 112) 


Tape duplicator control chassis eliminates equipment wiring changes when dubbing 
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By SIEGFRIED R. HOH 
Components and Systems Lab. 
Weapons Components Div. 
Wright Air Development Center 
Dayton, Ohio 


PART TWO 
OF TWO PARTS 


HE loss tangent or its equivalent 

factors have been depicted in Fig. 
6 for different materials. Several of 
these curves, particularly those for 
powdered materials, were computed 
from loss coefficients.1** In these 
cases, a flux density of 10 gauss was 
assumed. Some publications state 
that the flux densities were very low 
and the hysteresis losses negligible. 
It can be assumed that the flux den- 
sities involved in Figs. 6, 7, and 8 
are 10 gauss or less, except the per- 
meability of Supermalloy which is 
given for B,,—20 gauss. At these 
low flux densities, the hysteresis 


Evaluation of High-Performance | 


losses are actually only a small part 
of the total losses and small differ- 
ences in flux density do not affect 
loss data substantially. 

Eddy current losses play a more 
important role. Such losses prevail 
in metallic materials at higher fre- 
quencies because the losses are 
proportional to the second power of 
frequency. Eddy current losses are 
also. proportional to the second 
power of material thickness. This il- 
lustrates the importance of sub- 
dividing a metallic material into thin 
laminations or powdered particles. 
The reduction of losses by the sub- 
division of the material can be noted 
in all characteristics. For example, 
see data on 4-79-Mo Permalloy 
(Fig. 6) with the lamination thick- 
ness being 0.5, 1, and 14 mil. 


Loss Reduction 


A further reduction of total losses 
by finer subdivisions of metallic ma- 
terials is limited. Coercive forces, in 
particular, will increase as the mate- 
rial thickness is further decreased. 
Extremely thin laminations cannot 
be stamped and stacked but have to 
be wound into toroidal cores. The 
thickest laminations presently pro- 
duced are about 0.15 mil. Further 
substantial reductions cannot be ex- 
pected because of the difficulties in 
rolling the materials and because of 


Fig. 6: Core loss of laminated, powdered and ferrite materials at low flux densities 
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the decrease in magnetic qualities 
such as an increase in coercive force, 
High-frequency applications of thin 
laminated materials are pulse trans- 
formers. magnetic pulse generators, 
digital computers, and others. 
There appears to be a distinct 
difference in losses (see Fig. 6) by 
a factor of more than 10 between the 
laminated materials and the good 
powdered and ferrite materials. An 
exception is Isoperm, a German 
loading coil material which is unique 
in the field of laminated materials 
insofar as the dissipation factor is 
concerned, In Isoperm, losses have 
been reduced down to those of the 
best powdered materials. The per- 
meability of Isoperm is, however, 
substantially lower than that of 
other laminated materials. High per- 
meability materials such as lami- 
nated Mo-Permalloy have the 
highest losses, while silicon-iron is 
better as far as losses are concerned. 
(Compare 1 mil. 4-79-Mo-Perm- 
alloy with 1 mil. silicon-iron, Fig. 6.) 
From Fig. 6, it is easy to see that 
good powdered and ferrite cores 
have much smaller losses than lami- 
nated materials. Powdered core ma- 
terials, sometimes designated as 
“Polyirons,” have long been known. 
They consist of powdered pure iron, 
alloys, and organic binders, or 
powdered ferromagnetic oxides. 


Powdered Iron Cores 


Problems of powdered iron core 
development are: (a), to produce 
uniformly fine powders; (b), to in- 
sulate the metal particles from each 
other; and (c), to make the propor- 
tion of metal high in relation to the 
binder in order to obtain a relatively 
high permeability. These problems 
illustrate that compromises have to 
be made and that there are optimum 
compositions for individual fre- 
quency ranges. Low losses at rising 
frequency can only be maintained by 
decreasing the permeability. Because 
of the many series gaps in powdered 
material, permeabilites are inher- 
ently small and almost constant up 
to saturation. Permeabilities of com- 
mercial powdered core materials 
range loosely from 3 to 100. The 
effective permeability is still smaller 
in applications where the magnetic 
circuit is not closed. 

It should be noted that loss data 
of commercial powdered cores are 
usually given as Q values of specific 
coils with specific cores. Such data 
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Magnetic Core Materials 


Selection of proper material for desired application 
facilitated by the development of a ‘‘figure of merit.”’ 
Suitability of ferrites for high frequencies shown 
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Fig. 8: Apparent permeability of magnetic core materials at low flux densities 


are not suitable for material com- 
parison on a universal basis. 
Several powdered materials (shown 
by dotted lines in Fig. 6 and 7) have 
the lowest losses according to Fig. 6. 
This result is not very significant. 
The low losses of powdered cores are 
due mainly to their magnetic “dilu- 
tion,” that is, to the existence of a 
great number of small gaps between 
the ferro-magnetic particles. These 
gaps also account for the low perme- 
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ability of powdered cores. Thus, the 
low losses of powdered cores are ob- 
tained at the expense of permeabil- 
ity. Actually, the best core material, 
with regard to losses, would be air 
or free space—in other words, no 
magnetic material at all. If size is of 
no concern, it is known that low in- 
ductor losses can be obtained with- 
out cores. This illustrates the limited 
significance of loss data alone and 
the necessity for including the per- 


meability in a comparison. 

The introduction of an air gap in 
laminated or ferrite cores will also 
reduce losses and make these mate- 
rials competitive. Q factors of ap- 
proximately 600 have been reported 
on inductors which utilize ferrite pot 
cores with air gaps.1* According to 
Snoek,? the loss reduction of ferrite 
cores, because of an air gap, is pro- 
portional to the reduction of perme- 
ability. This relationship can be ex- 
pressed by the simple ratio: 


Dn/u m Dn’ /p (3) 


where D,, and u refer to a closed ring 
core, while D,,’ and w’ refer to the 
same properties of a core with air 
gap. In addition to reducing losses, an 
air gap also reduces the effect of 
temperature on permeability. 

The term D,,/u appears suitable 
for use as a general rating because: 
(a), it combines the most important 
core characteristics as D and u; (b), 
it extends the applicability of the 
rating to ferrite cores with air gap; 
and (c), it can be computed easily 
from individual loss coefficients as 
defined by Legg.?? 


Rating Materials 


Fig. 7 depicts D,,/u values versus 
frequency. Although the number of 
materials had to be limited, the fol- 
lowing conclusions and ratings ap- 
pear justified: powdered cores, 
which were superior in Fig. 6, are 
surpassed by laminated and ferrite 
cores; laminated cores rate better up 
to more than 10,000 cps from which 
frequency ferrites appear to be bet- 
ter. The unique position of Isoperm 
in Fig. 6 has been lost, and, in Fig. 7, 
Isoperm rates with other laminated 
materials. Ferrites which are often 
considered to fill a gap between lam- 
inated and powdered materials are 
found to be superior over powdered 
materials. Therefore, it may be ex- 
pected that ferrites will come into 
wider use for high frequency appli- 
cations. At present, the bulk of fer- 
rite applications are in TV receivers. 

There are various other factors 
which cannot be incorporated in a 
universal rating but which may de- 
termine the selection of a material. 
Laminated cores, for example, are 
strain sensitive and often available as 
closed toroids only. Ferrites and 
powdered cores are relatively in- 
sensitive, substantially less in weight 
than laminated materials, and can be 
formed into a large variety of core 
shapes. The maximum operating 
temperatures of. ferrite and pow- 
dered cores are, as a rule, lower than 
the maximum operating tempera- 
tures of laminated materials. 


ee eee tees 


“sgl et aman 
za ta ST 4 Stabs aces 


i, 


Er 


CORE MATERIALS 


A less comprehensive but rather 
interesting diagram is obtained if the 
permeabilities of materials are 
plotted versus frequency, as in Fig. 8. 
Permeabilities are given for the low 
flux densities (as discussed in rela- 
tion to Fig. 6) and can be termed 
initial permeabilities unless a more 
rigid definition (see Table III) ex- 
cludes several of the data in Fig. 8. 

The apparent permeability (see 
Table III) of a toroidal metallic core 
decreases with frequency because 
the eddy current shielding results*in 
a lower flux density in the inner por- 
tions of a ferromagnetic lamination. 
This well-founded explanation is 
also substantiated in figure 8 where 
the permeabilities of thicker lamina- 
tions decline faster at rising fre- 
quency. As in Fig. 6 and 7, Fig. 8 
shows that the materials with better 
de or low-frequency characteristics 
are surpassed at higher frequencies. 
Note that 2-mil Hymu 80 surpasses 
the initial permeability of 2-mil Su- 
permalloy at approximately 40,000 
cps, although the resistivity of Su- 
permalloy is slightly higher. 


Laminated Cores 


Lamination thickness and resistiv- 
ity are the principal factors govern- 
ing the reduction of the “apparent” 


(Continued) 


permeability of laminated metallic 
cores over frequency. The “true or 
intrinsic” permeability of laminated 
metallic cores can be derived from 
the apparent permeabilities by cal- 
culating and eliminating the eddy 
current effect in the materials. This 
means that the true or intrinsic per- 
meability could be realized and 
measured if the eddy current shield- 
ing effect could be avoided as is the 
case in some ferrites. The true or 
intrinsic permeability is of great in- 
terest for the study of both the ferro- 
magnetic substances at microwave 
frequencies? and the phenomena 
which reduce the relative permeabil- 
ity to unity. The true permeabilities 
of metals are rather constant up to 
approximately 10® cps and reduce to 
unity in the region from 10'° to 104 
CPS. 

From the standpoint of core-ma- 
terial utilization, the apparent per- 
meability, as plotted in Fig. 8, is of 
main concern because it represents 
the permeability which can be util- 
ized in a core. Extrapolation of Fig. 
8 indicates that the apparent perme- 
abilities become unity in the region 
slightly above 10° cps. 

Another interesting result of Fig. 8 
is the fact that the highest apparent 
permeabilities of all available mate- 
rials, as plotted over frequency, can 


be represented by a rather smooth. 
envelope even though both laminated 
materials and ferrites are repre- 
sented. The transition between both 
types of materials occurs at approxi- 
mately 2 mc and is actually smoother 
than shown, taking into considera- 
tion that materials which are thinner 
than 0.5 mil are available. The prac- 
tical significance of the envelope in 
Fig. 8 can be interpreted as a line 
which limits the highest initial per- 
meabilities that can be obtained with 
the best magnetic cores at any given 
frequency. 

Thus far in this report, the term 
“permeability” is understood to de- 
termine the impedance Z,, of a 
toroidal core which under simplify- 
ing assumptions reads: 


Zm = Rm +joL = Ru + jouN?A/I (4) 


If, however, the permeability is to be 
derived according to the definition 


» = B/H (5) 


a discrepancy appears. While B is in 
quadrature with the applied voltage 
according to E, = Nd (AB)/dt, the 
magnetizing force is not in quadra- 
ture because H, according to defini- 
tion, is proportional to the current 
which has a loss or in-phase compo- 
nent. Eq. (5) can be applied to ac 
magnetization only if a phase angle 
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TABLE Ill: PERMEABILITY DEFINITIONS PERTINENT TO CYCLIC OR ALTERNATING MAGNETIZATION 


DIFFERENTIAL P. 
Slope = of hysteresis loop 


EFFECTIVE P. 
(INDUCTANCE RATIO) 
Factor by which inductance of 
coil is increased due to core 


NORMAL P. 
Slope of straight line between 


2 tips of hysteresis loop 


Nf 


(SCALAR) P. 


Derived from inductance L of reactor, 
with closed core represented by 
equivalent circuit Z =R + jew, 


COMPLEX P, a 
Derived from = B, /7#has an inductive 
component 4 and a resistive component 


Displayed by core material with B 
reduced by eddy current shielding 


eddy current shielding effect. 
designated effective permeability 
elsewhere) 


lead 3 
i i I 
b } j i 
INITIAL P, MAXIMUM P. INCREMENTAL P. 
Normal P., extrapolated Highest value of Normal P, displayed Incremental P. for 
for B and H30 Normal P, under superimposed infinitesimally small 
de magnetization ac excitation 
t a Ll I 7 
| | 
APPARENT P. TRUE (INTRINSIC) P. 


Derived from apparent P, by deducting 


(Also 


REVERSIBLE P, | 


RELATIVE P. Ar 


complex, however 


slon-dimensional number expressing P. in 
multiples of P. of free space; may be 


asinichtelaebieie 


Derived as yr xX 
space €.g., 47° 10-9 RK sec, 47 10°77 
henry or 1, depending on°units used for 
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Fig. la: Coupled transmission lines circuit 


Fig. 1b: Cross-sectional view of two lines 


Application of couplers, widely used in wave- 
guide circuitry, holds promise for lower radio 
frequencies. How to utilize open-wire lines 


By WILLIAM L. FIRESTONE, Head, Special Design Section, Microwave 
Research Dept., Motorola, Inc., 4545 Augusta Blvd., Chicago 51, Ill. 


IRECTIONAL couplers have 

found wide use for many years 
in waveguide applications for such 
purposes as measuring reflections, 
monitoring power, multiplexing and 
mixing. All of these applications 
make use of the characteristic that 
power flowing in one direction in 
the main transmission line induces a 
power flow in only one direction in 
the secondary transmission line. 


Fig. 2: (1) Mutual inductance and mutual capacitance between lines. Fig. 3: (r) Coupli 


P g- 


Many different kinds of wave- 
guide directional couplers are in 
present day use. However, it is the 
general purpose of this paper to 
analyze the directional coupling ef- 
fects of open wire transmission lines 
which are used at the lower radio 
frequencies. 

Other devices called “Wave Se- 
lectors” and “Reflectometers” are 
devices which are intimately related 


to the “Directional Coupler” and 
hence deserve some comment. 
The following terms are now in 
common usage: 
Wave Selector: 
A device whose output is substan- 
tially proportional to one or the 
other of the two traveling waves 
on the line. The wave selector 
causes little or no reflection on 


This paper 
was presented at the 
1953 National Electronics Conference 
Sept. 28-30, Chicago, Ill. 


the line to which it is coupled. 
Directional Coupler: 
A device which couples together 
lines so that traveling waves are 
induced in one of the lines pro- 
portional to the traveling waves 
in the other line. The directional 
coupler causes little or no reflec- 
tion on either of the two lines it 
couples together. 
Reflectometer: 
A set of two wave selectors used 
to measure the forward and back- 
ward traveling waves, respec- 
tively, for the purpose of deter- 
mining the reflection coefficient of 
terminal devices. 
From the above we see that wave 
selectors, directional couplers and 
reflectometers may all assume the 
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DIRECTIONAL COUPLING 


(Continued ) 


Fig. 4: (1) Directivity characteristic with normalized impedance varied. 


same approximate physical form, in 
which case the only difference be- 
tween them would be the specific 
application for which each is used. 
However, only the directional cou- 
pler specifically requires the cou- 
pling of two transmission lines. The 
following analysis is based entirely 
upon directional coupler concepts. 
A review of the literature, which 
included the analysis of papers that 
were primarily concerned with mi- 
crowave directional couplers as well 
as those papers which were con- 
cerned with coupled open-wire 
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Fig. 6: Impedance relations for directivity 


transmission lines, indicated that in 
no instance has a complete theory 
been developed for the directional 
coupling characteristics between 
open-wire transmission lines. 

The investigation which led to 
this paper was therefore initiated 
with the following primary pur- 
poses: 

1. To determine if a directional 
coupler utilizing two open-wire 
transmission lines was possible and 
any limitations that might exist re- 
garding the physical configuration. 

2. To derive analytical expressions 
for the directivity and coupling, 
with or without reflections being 
present on either or both transmis- 
sion lines. 

3. To derive an analytical expres- 
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sion for the coupling with any 
length of coupled section when both 
transmission lines are matched. 

4. To consider the directivity and 
coupling characteristics for trans- 
mission systems other than open 
two-wire transmission lines. 

5. To experimentally verify the 
above. 

Whenever two transmission lines 
are coupled resultant waves will be 
induced on the secondary transmis- 
sion line. These waves may be con- 
sidered to be the result of capacitive 
and inductive coupling. Using this 
concept a “characteristic” equation 
(valid for short coupling lengths) 
which must be satisfied before di- 
rectional coupling can occur, was 
determined. Fig. 1 shows the con- 
figuration under consideration as 
well as the derived characteristic 
equation. This equation can be seen 
to involve the mutual capacitance 
and the mutual inductance between 
two coupled transmission _ lines 
which are matched. The impedances 
shown are the characteristic imped- 
ances of the transmission line '*:3-+, 


Four Wire System 


To prove that the four wire sys- 
tem of Fig. 1 is in fact a directional 
system it is necessary to solve for 
the mutual capacitance and mutual 
inductance existing between the 
two coupled open-wire transmission 
lines and see if they satisfy the 
characterisite equation. Solving for 
these quantities we will obtain their 
values as shown in Fig.. 2. 3* Tak- 
ing their ratio, as indicated in lower 
part of Fig. 2, shows that the values 
of M and C,, identically satisfy the 
required equation. Hence, two cou- 
pled open-wire transmission lines 
possess directional coupling charac- 
teristics. 

The reason why a wave traveling 


Fig. 5: (r) Directivity characteristic with mismatch taken into account 


on the main transmission line re- 
sults in a single wave traveling on 
the secondary transmission line may | 
be understood when one considers 
the effects of the mutual capacitance 
as well as the mutual inductance 
separately. Each of these mutuals 
set up a pair of oppositely traveling 
waves on the secondary line. How- 
ever, the phase differences existing 
between these waves, is such as to 
cause a complete cancellation of 
waves in the forward direction and 
a complete addition in the reverse 
direction. Two coupled transmission 
lines, therefore, represent a reverse 
coupler. The ratio of the power in 
the secondary line which is going in 
the desired coupled direction to that 
which is traveling in the undesired 
direction is called the directivity ra- 
tio. For matched transmission lines 
this ratio is infinite. 

With the aid of the mutual capaci- 
tance and mutual inductance be- 
tween two coupled transmission 
lines which are matched, an analyti- 
cal expression for the coupling ra- 
tio can be obtained. This coupling 


Fig. 7: Directivity with Z's; mismatched 
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yatio is defined as the ratio of the 
power received in the desired direc- 
tion on the secondary line to the 
power incident at the input termi- 
nals of the primary, or main, line. 
The resultant coupling equation is 
this power ratio expressed in deci- 
bels. Several different experimental 
curves of frequency versus coupling 
in decibels were obtained utilizing 
two different cross-sectional ar- 
rangements of the transmission lines. 
Fig. 3 shows two such curves with 
the derived expression or the coup- 
ling equation. The directivity was 
greater than 30 db. for all measured 
points. 

By taking the derivative of the 
argument of the coupling equation 
with respect to a specified angle, a, 
and by setting this derivative equal 
to zero, one obtains a differential 
equation which, when solved for the 
angle, a, yields the optimum relative 
position between two coupled and 
matched transmission lines for a 
maximum power transfer to occur. 
The angle, a, is zero or 180° when 
the centers of all wires lie on the 
same straight line. Due to the com- 
plexity of solving the differential 
equation, graphical methods were 
used to obtain the desired informa- 
tion. Although almost any arrange- 
ment of parallel transmission lines 
will normally result in some transfer 
of energy, the arrangement yielding 
the highest degree of coupling for a 
symmetrical four-wire configuration 
is found to be that which requires the 
centers of all wires to lie on the same 
straight line. 


Mismatched Systems 


Since it is not always possible to 
completely match transmission lines, 
or in some cases a mismatch might 
even be desirable for other reasons, 
it would appear desirable to deter- 
mine the effects of mismatched lines 
on the directivity and coupling of the 
System under consideration. One 
may approach this problem in a 
manner similar to that above, pro- 
vided the mismatched terminations 
are taken into account. For this 
condition of primary line mismatch, 
one may derive analytical expres- 
Sions for the directivity and cou- 
pling ratio. 

Fig. 4 shows a plot of the theoret- 
ical directivity along with corrobo- 
rating data and with the derived di- 
rectivity equation shown in the 
lower center portion. Fig. 5 shows a 
plot of the experimental and theo- 
retical coupling of the system tak- 
ing into account the mismatch con- 
dition. Also, the equation for cou- 
pling is shown on Fig. 5. We may 
now observe that the part of the log 
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Fig, 8a: (1) General scattering matrix. Fig. 8b: 


term that is included in the first 
bracket is identical with that for the 
case of no reflections. This is readily 
checked by noting that, if Z,. = 1, 
the argument of the log term in the 
above expression reduces to the first 
bracketed term. 


Wave Theory 


This phenomena may be explained 
on a wave theory basis. An imped- 
ance mismatch on the primary line 
produces a reflected wave on that 
line. This wave on the primary line 
will also cause directional coupling 
to the secondary line. However, the 
primary and reflected wave on the 
main line travel in opposite direc- 
tions and, hence, induce resultant 
waves traveling in opposite direc- 
tions on the secondary line. Since 
some energy travels toward both 
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Fig. 9: Coupling effect on voltage and power 


terminations of the secondary line, 
the end result is a loss of directivity. 

It is also possible to derive analyt- 
ical expressions for the directivity 
ratio and coupling ratio, both ex- 
pressed in decibels, for the case in 
which the primary line and the 
secondary line are not terminated in 
their characteristic impedances. In 
this instance, the effect of the pri- 
mary transmission line mismatch is 
as stated in the preceding paragraph. 
The effect of mismatching the sec- 
ondary transmission line, however, 
is equivalent to having each wave on 
the primary transmission line set up 
two resultant waves of different 
magnitudes on the secondary trans- 
mission line. 

Two waves are set up on the sec- 
ondary transmission line for each 
wave on the primary transmission 
line because the individual waves 


(r) Scattering matrix for matched condition 


due to the mutual capacitance and 
mutual inductance have changed 
magnitude. This change in magni- 
tude is due to the fact that the sec- 
ondary line is mismatched. Hence, 
the waves due to the mutuals do 
not add to and cancel one another 
in the same manner as when the 
secondary transmission line is 
matched. 

Fig. 6 shows the derived directiv- 
ity equation. A little consideration 
of this equation will show that con- 
ditions (a), (b), (c), and (d), of 
Fig. 6 will yield complete directional 
coupling effects. That is, it is possible 
to put a signal in at any one of the 
terminals and a directional coupler 
will obtain.. Furthermore, a partial 
directional coupler exists for any of 
the conditions from (e) to (h). Con- 
ditions (e) and (f) are three-termi- 
nal-pair directional couplers, where- 
as conditions (g) and (h) are two- 
terminal-pair directional couplers. 


Loss of Directivity 


Generally speaking, a mismatch 
anywhere in the system results in 
a loss of directivity. However, as 
pointed out above, the directivity 
equation shows that if certain ter- 
minating impedances are in recip- 
rocal relationship to each other, di- 
rectional coupling with an infinite 
directivity ratio will occur even 
though each of the terminating im- 
pedances in question represents a 
mismatch. Physically this is equiva- 
lent to a mismatch at one pair of 
terminals setting up a reflection 
which is cancelled (insofar as direc- 
tional coupling is concerned) by a 
mismatch at another pair. This is a 
surprising, as well as useful, result 

(Continued on page 172) 


Fig. 10: Two-wire pling-fr y function 
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Air view of General Electric’s Electronic Headquarters in Syracuse. For identification of buildings and activities see page 102 


A review of past milestones as well as present and future engineering ac- 
tivities at one of the nation’s foremost electronic equipment manufacturers 


N October 15 the General 

Electric Co. celebrated its “Dia- 
mond” anniversary. Seventy-five 
years ago, in 1878, the Edison Elec- 
tric Light Co. was formed for the 
express purpose of developing a new 
source of light—the incandescent 
lamp. The event raised hardly a rip- 
ple in the newspapers of the day. 
But such was the humble beginnings 
of G.E.’s parent company. 

In 1880, Elihu Thomson, a young 
professor, gave up teaching to cast 
his lot with the then infant electrical 
industry. In somewhat over half a 
century Thomson was granted some 
700 patents. During this time he also 
built an organization of men who 
wrote brilliant and creative chapters 
in the history of electricity. 

When the American Electric Co. 
was formed, the commercial devel- 
opment of the patents of Professors 
Thomson and Edwin J. Houston was 
one of the objects. Associated with 
them was E. Wilbur Rice, Jr., who 
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later became president of General 
Electric. Out of this enterprise, in 
1883, grew the Thomson-Houston 
Electric Co. at Lynn, Mass. Charles 
A. Coffin, a former shoe manufac- 
turer, participated in this formation 


and subsequently in the active man- 
agement of the company. 

The early years saw rapid progress 
in the development of electricity. 
The great need was for cooperation 

(Continued on page 102) 


Interesting Facts about GE’s Electronic Hqs. 


. Employs about 10,000 people, of which 
1,100 are engineering personnel. 

. Took 100 engineers and draftsmen one 
year to design. 

. Covers 200 acres, with 35 acres under 
roof. 

. Resembles a college campus, vast lawns 
separating buildings, landscaped with 

. wide variety of trees and shrubs. 

. Has 15 buildings, the largest housing 
operations of the Radio and TV, Cathode 
Ray Tube, and Commercial and Govern- 
ment Equipment Depts., and Electronics 
Laboratory. 

. Has extensive engineering product labor- 
atories in addition to Electronics Labora- 
tory. 

7. A ‘restaurant building which can ac- 
commodate 600 at one time, plus lunch 


bars in the manufacturing buildings. 

. An employees’ store where G-E products 
can be purchased at discount. 

Has auditorium which can seat 500. 
Three and a half miles of railroad tracks. 

. Over five and a half miles of paved 
roads. 

. 17 parking lots with capacity for 4,500 
cars. 

. All buildings have air conditioning and 
indirect heating, centrally controlled for 
temperature and humidity. 

. Over 32,000 fluorescent troffer type 
lighting fixtures are used in factory and 
office areas, 

Has substation with 20,000 KVA capa- 
city. 

. Power house with three boilers to supply 
heating and process steam. 
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or 
VICE-PRESIDENT 
and 
GENERAL MANAGER 


DIV. STAFF 


(GACH LETTER) 


BLACK_____ DEPTS. HEADQUARTERS 


(weite Cerreaine) 


DARK GREY PRODUCT ORGANIZATION 


Gamtre Latmarne) 


LIGHT GREY MFG. PLANTS 


vce verrewne) 


CROSS-HATCH = LABORATORIES 


QLACK LETTERING) 


he pre RD te ogee mage 


eestor ab ntratar ote, cements 


EXECUTIVE VICE PRESIDENT 
APPLIANCE AND ELECTRONICS 
GROUP 


ROY W. JOHNSON 


MARKETING 


ERNEST H. VOGEL 


ENGINEERING 


IRA J. KAAR 


MANUFACTURING 


WILLIAM M. BARKER 


COMPONENTS DEPARTMENT 
GENERAL MANAGER 
EDWARD L. HULSE 


PRODUCTS 


WABASH, IND. 
SPRINGFIELD, N. J. 


TUBE DEPARTMENT 
GENERAL MANAGER 


J. MILTON 1.ANG 


he Rinse 


VICE PRESIDENT AND GENERAL 
MANAGER 


ELECTRONICS DIVISION 


WALTER R. G. BAKER 


FINANCIAL 
GEORGE L. CHAMBERLIN 


EMPLOYEE AND PLANT COMMUNITY 
RELATIONS 


CLYDE H. HARRISON 


LEGAL AND PATENT 
ROBERT M. ESTES 


GOVERNMENT EQUIPMENT 
DEPARTMENT 
GENERAL MANAGER 
GEORGE F. METCALF 


VY MILITARY 
ONIC EQUIPMENT 
MANAGER 
J. FARRELL 


PRODUCTS 


LIGHT MILITARY 
ELECTRONIC EQUIPMENT 
GE L MANAGER 

F. KONIG 


PRODUCTS 
MILITARY 
ELECTRONIC EQUIPMENT 


PLANT 
UTICA, N. Y. 


MILITARY 
ELECTRONIC EQUIPMENT 
PLANT 
SYRACUSE, N. Y. 


COMMERCIAL EQUIPMENT 

DEPARTMENT 
GENERAL MANAGER 
WILLIAM J. MORLOCK 


BROADCAST EQUIPMENT 
GENERAL MANAGER 
PAUL L. CHAMBERLAIN 


. QUARTZ CRYSTALS 


PLANT 
CLYDE, N. Y. 


1875 Elihu Thompson (GE founder) transmitted and received 
wireless signals 

1878 Edison Electric Light Co. (GE's parent co.) formed 

1880 Edison gets basic patent on his lamp 
Edison United Mfg. Co. formed 

1883 Thomas A. Edison, a founder of GE, makes first real 
electron tube 

1885 Edison's “Black Box" induction experiments 

1889 Edison General Electric Co. formed 


1892 GE formed thru combination of Edison General Electric 
and Thomson-Houston Cos. 


1897 Frank J. Sprague operates first multiple unit controls 
for railways 


1898 Elihu Thompson develops constant current transformer 

1900 General Electric Research Lab. established 

1904 Whitney develops electric resistance furnace 

1905 Steinmetz develops high voltage rectifier 

1906 Alexanderson.introduces high frequency alternator 

1910 First practical electric ranges 

1913 Langmuir develops high vacuum, high voltage tube 
Langmuir suggests grid to control arc in mercury tube 
Experiments with thoriated filaments 

1916 Navy operates a-c operated radio-telephone transmitter 
Development of tungar rectifier 
Langmuir develops high-vacuum, mercury-vapor pump 
15 MC generated with vacuum tube oscillators 

1917 First 200 KW Alexanderson high frequency alternator 
Development of dynatron & plio-dynatron 

1918 Getters improve vacuum tube manufacturing methods 
Production of tubes, transmitters and receivers for mili- 
tary in WW | 

1919 Work starts on water-cooler radio transmitting tube 
Genl. Engineering Lab. formed 

1920 Radio Dept. formed in Schenectady 

1921 Thoriated tungsten filaments in radio power tubes 


1922 First commercial power line carrier current equipment 
First radio receiver in Pullman railroadcars 
WGY goes on air 
Pallophoto phone—forerunner of modern sound-on-film 


1923 Development of superheterodyne and reflex circuits 
First airmail plane radio communication 
Steinmetz dies 
Photo electric relay principle demonstrated 


1924 KGO, Oakland, Calif. goes on air, 2nd GE Station 
Magnetron developed 


1925 Screen Grid tube developed by Hull 
Development of glow discharge regulator tube 
Rectifier tubes (UX-213) eliminate “B” batteries 
WGY first to use crystal control of carrier frequency 
First front to rear R.R. communication 
First commercial 50 KW AM transmitter 
Caesium coated electrode photoelectric tube ~ 
1928 WGY broadcasts first “remote” TV program 
Photoelectric cells applied to talking movies 
Hull develops thyratron and phanotron 
Carboloy Co. formed : 
First commercial 100 KW broadcast transmitting tube 


1929 First 50 KW AM broadcast transmitter employing low 
level modulation and class B linear r-f amplification 
Thyratrons control lights in Chicago 
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GE's Radio-Electronic Milestones 


E Significant dates and events over the last 75 years that portray the growth of this great electronic industry 


1930 First 200 KW AM broadcasting transmitter 
High frequency cooking 
TV projected on seven foot screen 
Photoelectric relays used in industry 


1931 Sonic locator developed (acoustic radar) 
First automatic steering for aircraft 
First long distance talking on light beams 
Shield-grid thyratron developed 


1933 Metal tubes for industrial applications 
First 80,000 volt X Ray equipment 


1934 300-kw sealed tube frequency changer 


1935 Metal tubes for home radios 
Development of “memory” oscillograph 
Development of Alnico magnetic material 
Quantity production of small high vacuum switches 


1936 Velocity modulation tube produces cm frequencies 
Sealed ignitrons used commercially 


1937 First application of radio communication on fireboats 
R-F single ended pentodes 


1938 1,000,000 volt X Ray 
Develop soldered-can tube technique 


1939 Radio & Television (later Electronics) Dept. formed 


1940 Disk triode “Lighthouse” tube announced 
First TV network service—N.Y.C. to Schenectady area 
Color TV demonstrated at Alexanderson's home 


1941 First STL links for FM broadcasting 
Production started on air search radar 
W2XB (now WRGB) highest-powered TV station 


1942 Light house tubes used in Radar 
1943 Large Scale manufacture of industrial heating 


1944 First time FM applied to power line carrier current 
First commercial electron difraction instrument 


1945 First commercial radar 
Electronic navigator for ships 
Variable reluctance pickup 


1946 Aluminized-back TV picture tubes 
Pulsed light system for TV film projection 


1947 First 2,000 MC commercial microwave relay system 
Development of dyotron microwave tube 


1948 Electronic Park, Syracuse in operation 
FM Receivers used in buses 
Single sideband selector for crowded radio bands 
Portable radio with rechangeable batteries 


1949 First binary scaler type TV sync generator 
Germanium diodes in mass production 
First demonstration of narrow-band mobile radio —_ ~ 


1950 First radio-activity detectors produced to MIL specs 
Dome origniates frequency interlace color TV 
One millionth clock radio manufactured 
TV effects produced electronically 

1951 First high gain side-fire helical antennas for UHF-TV 
Junction transistors and germanium diodes 
Installed largest privately owned microwave relay 
Radar systems for continental defense 
Radar mass produced for jet planes 
Advanced electronics department laboratory estab- 
lished by GE at Cornell U. 


1952 35 KW VHF TV transmitter 
Microwave radio links protect public utility exchange 
Facilities expanded at Electronics Park 


Fig. 4: Flow chart for electronic products depicts the steps a new product goes through from the idea to the end-item stage 
and graphically illustrates the great amount of planning and preparation needed before actual mass production can be effected. 


and unity of purpose—for a wise 
mind and a strong hand to command 
diffused and uncoordinated policies. 
This need was met in 1892 when the 
Edison General Electric and Tkhom- 
son-Houston companies were merged 
to form the General Electric Co. un- 
der the leadership of Charles A. Cof- 
fin 


It is evident that the initial organ- 


Fig. 5: Aerial 
test building, 
Commercial & Government Equi 


izational and business activities were 
focused primarily about the elec- 
trical power field. However, some of 
the company’s research activities 
prior to World War I can now be 
viewed as forming early milestones 
in the development of GE’s present- 
day electronic activities. Steinmetz’s 
high voltage rectifier, Alexander- 
son’s high frequency alternator and 


ote of GE's electronic headquarters shows (1) New York State Thruway, (2) engineerin 
3) engineering building, (4) small warehouse, (5) service building, (6) power house, | 
t Dept., (8) Cathode Ray Tube Plant, (9) Restaurant, (10) Radio & 


pmen 
Television Dept., (11) Administration Bidg., (12) bus stations, (13) main gate, (14) parkway, (15) Recep- 


tien Buliding, also includes: auditorium, employee relations, main dispensary, (16) electronic laboratory. 


Langmuir’s vacuum tube = space- 
charge research are examples in 
this connection. Page 101 lists some of 
the milestones that contributed to 
G.E.’s electronic progress. 

Anticipating the rapid expansion 
of the electronics industry following 
World War II, General Electric has 
invested about $75 million in con- 
struction of the finest possible elec- 
tronics research and production fa- 
cilities. Today, Electronics Park in 
Syracuse, N.Y., headed by vice- 
president Dr. W. R. G. Baker, is the 
administrative hub of a wheel of 
some 18 manufacturing plants in the 
Electronics Division (Fig. 2). The 
division employs about 31,000 people, 
of which 1313 are engineers. 


Organizational Structure 


Fig. 3 shows the organizational 
structure of the Electronics Division 
and the major product lines of its 
departments. The Electronics Divi- 
sion is one of 28 operating compo- 
nents of the Company. 

Sales billed by the Electronics Di- 
vision since the Park has been in 
operation have been increased by 
some 260%. 

Planning for Electronics Park 
started in 1942 just after World War 
IL began. Construction got under 
way in September, 1945, and by 
early 1948 all the main buildings 
were in operation. Fig. 5 identifies 
the buildings at this electronic head- 
quarters, while table (p. 98) pro- 
vides interesting statistical data. 

From time to time interested read- 
ers have requested information as 
to how the decision to manufacture 
(Continued on page 137) 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 § 


sonmti_ios Ft owe 


2” ® ® = ® 


a 
at 
4 

{ 
{ 
f 
. 
: 
i 


MOLDED... 
LAMINATED 


METAL PLASTIC 
ASSEMBLIES 


ANY SIZE... 
ANY TYPE... 
FOR ANY USE... 


CONSULT CINCH 


The wide demand and long use of Cinch components is testi- 


Cinch Electronic C : : tet : : 
te dee aeishabiie ai mony to engineering vision and design . . . to the exactitude 
oe lobbers — every- demanded in the manufacture and the appropriateness and 


durability of the materials. Whatever the requirement for metal 
plastic assemblies, Consult CINCH. 


ENCASM — Ciicy MANUFACTURING CORPORATION 


ELECT od 
COMPOKRE 1026 South Homan Ave., Chicago 24, Illinois 


Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass. 


WASHINGTON 
Tews Letten 


Latest Radio and Communications News Developments Summarized by TELE-TECH'’s Washington Bureau 


ROR 


NEW MILESTONE—With the color television demon- 
strations of the compatible system devised and approved 
by the highly competent National Television System 
Committee, headed by Dr. W. R. G. Baker who is the 
veteran General Electric Vice President in charge of elec- 
tronics, staged before the Federal Communications Com- 
mission in New York on Oct. 15, a new milestone in the 
progress of U.S. television was achieved. There is no 

question that the relatively few and insignificant state- 
ments of opposition to the adoption of the NTSC com- 
patible color TV system, which have been filed with the 
FCC, have produced no basis for hearings on the NTSC 
blueprint. 


SPEEDY APPROVAL—With the united front of the 
outstanding engineering leadership of the electronics- 
radio-television industry, in their formulation of the 
NTSC system and comprehensive report, the FCC has 
pledged concentrated and expeditious sanction of the 
NTSC compatible color television system—possibly by 
Christmas or by the first of next year. After the FCC ap- 
proval the manufacturing industry, particularly the com- 
panies which have been leaders in the establishment of 
the compatible system will center every effort to launch 
the huge task of mass production of color video receivers. 
But naturally there will have to be a period of time to 
produce receivers at mass market levels of cost. 


SUBSCRIPTION TV—Because subscription or fee 
television would mean such a revolutionary or funda- 
mental method in the American system of broadcasting, 
the FCC leadership is regarded as united on the premise 
that Congress should determine this policy to guide the 
Commission. There is already one measure before Con- 
gress—the proposal of Rep. Carl Hinshaw, California 
Republican, who introduced a bill at the last session 
which would redefine the term “broadcasting” in the 
Communications Act to make subscription TV and thea- 
ter TV a common carrier type of service. The Hinshaw 
measure which was referred to the House Interstate 
Commerce Committee poses the drastic change in the 
concept of regulation of broadcasting and television to 
place these two proposed services in television in the 
category of common carrier like telephone and telegraph. 


FM FREQUENCIES—FM broadcasters were recently 
warned by FCC Commissioner E. M. Webster that their 
frequencies may well be vulnerable to petitions, particu- 
larly from frequency-starved services in the mobile radio 
field which are experiencing extreme conditions of con- 
gestion and need for additional spectrum space. Com- 


2 € 
104 ; 


PEERS Ts Aaa 


missioner Webster advised the FM broadcasters that, if 
there is not increased utilization of the FM frequencies, 
particularly in the 88-108 megacycle band, FM broad- 
casting will be in an untenable position to justifying its 
right to retain all the frequencies allocated to it. The 
situation recalls the controversy on mobile radio service 
assignment in the 72-76 megacycle band between two 
television channels. Multiplexing of FM signals may be 
the answer for that field of broadcasting, it has been pro- 
posed by Commissioners George E. Sterling and Webster, 
the two FCC engineering members. 


PETROLEUM RADIO—Expansion of mobile and mi- 
crowave communications by the petroleum industry is 
under study at the November 11 meeting of the American 
Petroleum Institute’s Central Committee on Radio Fa- 
cilities in Chicago. Among the subjects for consideration 
are the conclusion of a possible substitution of FM broad- 
cast facilities in the 104-108 mc band for the 72-76 mc fre- 
quencies for fixed communications; the proposed estab- 
lishment of an inter-industry Microwave Frequency Co- 
ordinating Council; planning for the use of assignments 
in the 450 mc band after the FCC proceeding on that 
spectrum portion; use of the 2000-2850 basic frequencies 
in mobile radiotelephony in the maritime radio spectrum 
space; study of the FCC proposal regarding frequencies - 
above 890 mc extension of presently used Shoran fre- 
quencies; and new developments in the. radiolocation 


‘service and mobile relay operation. The central com- 


mittee also is to study the proposal of Petroleum Com- 
munications, Inc., which has requested FCC approval for 
a group of Louisiana companies engaged in the petroleum 
and allied fields to establish a non-profit large-scale 
radiocommunications network. 


OPPOSE FINES PLAN—A number of major groups 
in the mobile radio field have presented opposition to the 
Senate and House Interstate Commerce Committees on 
the FCC-sponsored legislative proposal to give the Com- 
mission authority to impose small civil penalties in the , 
form of $100 fines for violation of its rules and regula- 
tions by all non-broadcast services. Statements of oppo- 
sition went to the two Congressional committees from 
the American Taxicab Association, National Bus Com- 
munications, The American Trucking Associations, The 
American Automobile Association, Aeronautical Radio, 
Inc., and a member of airlines. 


ROLAND C. DAVIES 
Washington, Editor 


National Press Building 
Washington, D. C. 
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first again with the finest 
in television microwave 


2000 me 


n Ow meets full FCC specifications for STL 


— we 
— 15,000 cycles audio frequency response 


— 55 db signal to noise ratio 


The first multiplexed audio-video equipment to 

meet full FCC specifications for STL, Raytheon 
Magnalink, because of its high power, also 

permits flexibility through the use of 100 ft. of RG-14U 
for normal applications, difficult remotes or STL. 
Combinations of RG-14U and 7%” coax may be used for 
greater height.between the equipment, housed indoors, 
and the parabola (no limitations on length of coax at 
receiver installation). Passive reflectors may be omitted 
for normal installations, thus eliminating their cost, but 
may be used where maximum radiated power is required. 


Sound Subcarrier Transmitter 


| MTR 50 Microwave Transmitter 


Sound Subcarrier Receiver 


MTR 50 Microwave Receiver > 
Specifications and FCC Filing Data Available 
Write for full information 


Magnalink 50 watt power and the superiority 

of 2000 mc propagation characteristics 

permit spanning greater distances than 

previously thought possible. Greater fade 

protection, simp Swi all coreg field sg ng, and 

polarization merel rotatin are 
gay rege phoge vantages of ered by Raytheon’s ae AY T a = re) BS | 

powerful Magnalink equipment — specifically 
designed for industry’s STL, inter-city and MANUFACTURING COMPANY 

long distance remotes. For the right equipment to 

fill your microwave requirements, for economy 

and operating convenience, investigate 

Raytheon’s complete line of microwave equipment. 

SPECIALISTS IN MICROWAVE FOR TELEVISION 
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Developed by Fairchild in its program 
for transistorizing Missile Guidance 
Systems and other intricate electronic 
circuits. 

Rapidly Plots Static and Dynamic 
Characteristics of ALL Transistors... 
point contact and junction. Designed 
on basic principles, to meet future 
transistor needs, 

Complete Families of Curves obtain- 
able in 10 incremental steps for each 
of 5 ranges. Sweeping technique 
shows up anomalies. 


ARs 


FAIRCHILD 


Complete—all 

calibrating circuits 
built-in. Needs only 
standard DC oscilloscope. 


SESESaaaseaseesaaeeeeeeeeaeees? ) 


Presents on the Scope: 
Alpha vs. Emitter Current 


Collector, Emitter and 
Transfer Characteristics 


Collector Characteristics 
in Grounded Emitter Connection 


AI®CHILD 


Guided Vitsiles Divrition 


Wyondanch, t. 1, N.Y. 


Other Divisions: Aircraft Division, Hagerstown, Md. 


° Engine Division, Farmingdale, N. Y. 


PHOTO TRANSISTOR 


Said to be the first comme 
available photo amplifying transistor 
made, the germanium, n-p-n junction 
Type X-25, is available for immediate 


application in automatic punch-card 
machines, automobile dimmers and TY 
receiver brilliance controls. Power is 
in the order of 60 milliwatts. If a me. 
chanical or electro-mechanical chopper 
is used, the unit can be coupled with 
an ac amplifier to supply a pulsed 
signal for ac current flow. Experiment 
has shown responsiveness to fre- 
quencies as high as 25 xc. The photo- 
sensitive unit is housed in a heat and 
moisture resistant 17/32 x 5/16 x 3/16 
in. case. Two 0.093 in. diam. pins on 
11/32 in. centers fitted with 0.015 in. 
diam. nickel wire leads are attached 
to the case. The 3/16 x 11/32 in. light- 
sensitive face is on the side opposite. 
Transistor Products, Inc., Clevite Corp. 
operating unit, Snow and Union Sts., 
Boston 35, Mass—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


VSWR METER 


Model 110A CTI X-band, a voltage 
standing wave ratio indicator, includes 
an oscillator; a forward and reversed 
directional coupler, with bolometer 
take-offs for source and _ reflected 


power; and, a direct-reading ratiometer 
with dual scales calibrated directly in 
VSWR—1.06 to 1.3 and 1.3 to 2.5. Con- 


tinuous coverage of the frequency 
band overcomes missing points. Be- 
yond an increase in operating speed, 
there is no probe or slot error, no 
readjustment for frequency changes, 
and no change in reading affected by 
changes in r-f power. Specifications 
are: r-f power source, V 260 klystron; 
wavemeter accuracy approx. +1 MC; 
overall accuracy within 2%; coupler 
directivity, greater than 35 db; primary 
power, 115 v., 60 cps; output wave- 
guide fitting, UG-39/U; main cabinet, 
10% x 20% x 10% in.; overall wave- 
guide assembly, 34 in.; weight, 40 lbs. 
Color Television Inc., 1000 E. San 


Carlos Ave. San Carlos, Calif— 
TELE-TECH & ELECTRONIC IN- 
DUSTRIES. | 
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Federals FTL-27€ 


for the relaying of 
Developed specifically for stu 


TRANSMITTER > Wee RECEIVER 


Direct frequency modulated ee a Single superheterodyne type 
Reflex klystron power oscillator Crystal controlled 

5 watts minimum power output ‘ Double tuned preselector 
Crystal controlled Wide frequency response 
Built-in wavemeter, r-f power High signal to noise ratio 
measuring devices and local Constant video level over 


monitoring facilities wide range of input signals 
Internal receiver for off-air 


monitoring 


INSTALLATION SOUND CHANNEL 


e Circular parabolic an- 


tenna for both receiver | Exclusive FTL develop- 
and transmitter ment 


Antenna may be ground- Allows simultaneous 
mounted for use with transmission of audio 
tower-mounted reflectors and video over TV link 
Provides stable klystron Eliminates need for 
operation and simplifies leasing high-quality 
maintenance telephone lines 


Reduces transmission Fully self-contained 
line costs 


federal TeJecommunication Laboratories 


500 WASHINGTON AVENUE ¢ NUTLEY, NEW JERSEY 
in Canada: Federal Electric Manufacturing Company, Litd., Montreal, P.Q. 


for fire control, 
bombing, 
gun data, 
navigation, 
.and shoran. 


Since 1935 
MAXSON 


ENGINEERING 


has developed 
and produced 
- computers. 


Our long experience 
is at your 
disposal. 


THE W. L. MAXSON CORPORATION 


460 West 34TH Street, New York 1, New York 


Plants at Long Island City, N. Y. and Old Forge, Pennsylvania 


qaratog@ * 


ndustries 


STAR PERFORMANCE AS 
MANUFACTURERS OF TRANSFORMERS, 
REACTORS, FILTERS, TOROIDAL 

COILS FOR THE ELECTRONICS INDUSTRY 


nth year of operation, Saratoga Industries 


; built a solid reputati 
dings. Approved 


Saratoga Indust 


COLOR TV TESTER 


The 1601-AR color TV testing ip. 
strument is designed to measure the 
performance, alignment, and phase er. 
rors of color TV equipment. Operating 


from a composite NTSC signal, pres- 
entation is in the form of an instan- 
taneous vector plot of the colors and 
their amplitudes displayed by a trans- 
parent overlay (calibrated in degrees 
and amplitude) on a 7-in. CRT. The 
unit includes decoding amplifiers, 
quadrature switching circuits, phase de- 
lay circuits, local subcarrier amplifiers, 
a color subcarrier generator, a sync 
separator and field trigger, a 30 cycle 
square wave generator, a 90° marker 
generator, a reference oscillator, and a 
regulated power supply. The calibrated 
chart on the cathode ray tube face en- 
ables setting standard values of the ma- 
jor saturated colors and also indicates 
the burst amplitude and phase. Tele- 
chrome, Inc., 88 Merrick Rd., Amity- 
ville, L. I, N. Y.—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


UHF WAVEMETER 


Model U-3 UHF wavemeter is speci- 
fically designed for the UHF-TV band. 
Covering a range from 400 to 1,000 MC, 
it provides a considerable overlap in 


frequency spectrum from the nominal 
470-890 band allocated for this service. 
Coupling to the wavemeter tuning 
element is facilitated by the use of an 
external coupling loop designed to en- 
able easy access to the portion of the 
circuit under examination. The ab- 
sorption circuit consists of a high Q 
resonant cavity that is tuned by a slug- 
type split stator capacitor. Linear 
Equipment Laboratories, Inc., Bright- 
water Pl, Massapequa, N. Y—TELE- 
TECH & ELECTRONIC INDUSTRIES. 
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SCINFLEX assures 


LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 


The Finest 
ELECTRICAL 
CONNECTOR 


MONEY CAN 


When operating conditions demand an 
electrical connector that will stand up 
under the, most rugged requirements, 
always choose Bendix Scinflex Electrical 


2g Connectors. The insert material, an ex- 
n- clusive Bendix development, is one of 
nd our contributions to the electrical con- 
ca nector industry. The dielectric strength 
“wr remains well above requirements within 
3, the temperature range of —67°F to 
ty +275°F. It makes possible a design in- 
Ts, creasing resistance to flashover and | 
me creepage. It withstands maximum con- 
cle ditions of current and voltage without 
cer breakdown. But that is only part of the 
La story. It’s also the reason why they are 
ed vibration-proof and moisture-proof. So, 
we naturally, it pays to specify Bendix 
pe Scinflex Connectors and get this extra 
bs : protection. Our sales department will 
ty- be glad to furnish complete information 
& on request. 
© Moisture-Proof « Radio Quiet ¢ Single Piece Inserts « 
Vibration-Proof « Light Weight ¢ High Insulation Resistance 
e High Resistance to Fuels and Oils « Fungus Resistant « 
ci- Easy Assembly and Disassembly ¢ Fewer Parts than 
nd. any other Connector ¢ No additional solder required. 
AC, 
in 


BENDIX 
SCINFLEX 


SCINTILLA MAGNETO DIVISION of Bendix 


E L ECTR | Cc AL SIDNEY, NEW YORK oversee souesareee 


Export Sales: Bendix International Division, 205 East 42nd St, New York 17, N. Y. 


, FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. ¢ Stephenson 
CONNECTORS si ie on Agta toa sts ecco Gore 


APSRG oTTT Bas & 
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MICROWAVE 


and 


MICROWAVE TEST EQUIPMENT 


DICO designed and manufactured test equipment assures ease 
of operation, accuracy and dependability of measurements in 
the microwave region. Among our products are both standard 
and custom-built units, such as... 


MICROWAVE COMPONENTS 


DICO designs and manufactures custom and 

standard Co-axial Line and Waveguide components. These are 
produced under highest quality control standards, a _ typical 
example being... : 


Send for catalog 953 


MICROWAVE CORPORATION 
7 North Avenue, Wakefield, Mass. 


MULTIPLEXER 


The new Gray moving mirror multi- 
plexer combines three sources of opti- 
cal projection in a single TV film cam- 


era without image distortion. A slight 
shift of the mirrors opens a space so 
that a third projector can be mounted, 
just behind the point where the mir- 
rors converge at right angles, and 
focused on the “mosaic” in the camera. 
“Keystoning” and other distortions 
caused by projecting over the tops of 
multiplexer mirrors are thus elimi- 
nated. Actuated by a m@tor drive, the 
moving mirror multiplexer can be re- 
motely controlled to open and close in 
less than a second. The “Telojector” 
(left), used for projecting standard 2 
x 2 in. slides, is shown as it would be 
positioned to project between the mul- 
tiplexer mirrors. The 5% x 11 in. 
manual control box (right) can be 
mounted in a standard RCA console 
to control a remote “Telojector.” Gray 
Research and Development Co. Inc. 
658 Hilliard, Manchester, Conn— 
TELE-TECH & ELECTRONIC IN- 
DUSTRIES. 


DECADE SCALER 


A new high-speed, six-digit, decade 
scaler, adapted for use in telecommu- 
nication and frequency and nuclear 


measurement computers, includes a 
power supply and appropriate control 
circuits. It has a maximum cyclic rate 
of 30,000 events/sec., a minimum re- 
solving time of 25 psecs, and a total 
registration of 999,999. Power is taken 
from any 95-130 v., 50-60 cps circuit. 
The input circuit uses an adjustable- 
sensitivity Schmitt trigger. As the cir- 
cuit responds to changes in input level, 
it is not limited to a specific input 
wave shape. Sine waves of 1 v. rms 
can be counted at speeds of 5/sec to 
30,000/sec. Pulses at any rate below 
30,000/sec. are accepted. Each decade 
includes one EIT counting tube and 
one 5964 pulse-shaping tube. Power 
supply and signal-handling are on the 
main chassis. These circuits include 
three 5964 tubes, one 6AL5, and one 
5Y3GT. North American Philips Co., 
Research and Control Instruments 
Div., 750 South Fulton Ave., Mount 
Vernon, N. ¥.—TELE-TECH & ELEC- 
TRONIC INDUSTRIES. 
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5 Electronic Parts... 


Connectors 


Phono 


loulll want these specification Sheets trom Sylvania 


Sylvania makes it simpler for you to specify accurately the 

electronic components you need. Free Sylvania electronic parts 
specification sheets are available now. 

These data sheets tell you everything you need to know. Included 

is information on all types of sockets, plugs, receptacles, 


connectors, fuse holders, and many other electronic component 
LIGHTING « RADIO * ELECTRONICS * TELEVISION products. Sizes, various materials used, photos and diagramatic 


In Canada: Sylvania Electric (Canada) Ltd., University drawings make each of these “spec” sheets coaiginte sam enetty ‘ 
Tower Bidg., St. Catherine St., Montreal, P. Q. Send today for your FREE data sheets covering products in 


which you are most interested. Just check the coupon below or 
fill in the blank line provided, indicating your specific interest. 


SEND THIS COUPON NOW! 


| 
ie 
b 
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: 
f Sylvania Electric Products Inc. [J Molded Sockets [ ] Plugs Name i 
J, Dept. 3A-3011, 1740 Broaaway, 1 

J New York 19, N.Y. [__] Special Sockets [| Receptacles i 

4 Street | 
} ‘Please send me FREE electronic Laminated Miscellaneous e 

I data sheets checked at right. Sockets Products { 

: & RE OR DOE SE Se oe City Zone__State : 
wl 
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MYCALEX 


GLASS-BONDED MICA 


WITHSTANDS 
ADVERSE 
COMBINATIONS 


MYCALEX glass-bonded mica will 
withstand more — much more — of ~ 
combined high temperature, radia- 
tion effects, thermal shock, high 
voltage; high frequency, mechanical 
stresses and high altitude than tra- 
ditional electrical design calculation 
tables say that any insulation can 
stand. 


It is the high “across the board” 
average that causes engineers to call 
Mycalex glass-bonded mica “the 
world’s most nearly perfect insula- 
tion.” 


Fire Detector Housing 


Rotor 


Spark Plug 
Connector Sleeve 


YES, bad conditions can “‘gang’”’ 
Mycalex glass-bonded mica, or they 
can attack it one at a time. Mycalex 
glass-bonded mica, the only Ceramo- 
plastic, will endure them no matter 
how they come. 


Write for the whole story. 


Insulated gear illustrates breakage 
resistance ler wi temperature 
. even with large inserts. 


SINCE 1919 


CAL 


INSULATOR 


THE 


MYCALEX CORPORATION of AMERICA 
Wor’s Largest Manufacturer of Glas-bonded ica Product 
Executive Ofces: 30 Rocketeer Plaza, New York 2, N.Y. 
GENERAL OFFICES AND PLANT 
112 CLIFTON BOULEVARD, CLIFTON, N. J. 
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sockets are mounted on the chassis 
to- accommodate the XL-12 plugs 
from the Magnecord switcher. The 
cables that run from the switcher to 
each recorder are plugged into these 
sockets. The cable from the switcher 
to the Recorder input on the ampli- 
fier is left in place. 

Three, shielded, two conductor 
microphone cables are run through 
grommets and connected as shown 
in the diagram for the two record- 
ers and amplifier microphone input. 


These are terminated with Cannon - 


XL-12 male plugs. The shields are 
grounded to the 3x5 in. chassis, so 
a common ground is used through- 
out the system. The entire assembly 
is mounted on the PT6-HT panel to 
the left of the changeover switch. 


Record Input Connection 


In position “A”, the recorders are 
connected to the record input of the 
amplifier in the usual way so nor- 
mal recording or play back can be 
handled, depending on the setting of 
the function switch on the amplifier. 

In position “B”, the master tape 
is placed on #1 recorder, the blank 
tape is placed on recorder #2, the 
Magnecord PT6-HT switch is placed 
on position #2 for number two ma- 
chine, and the function switch on 
the amplifier is placed in record 
position. Both machines are started 
and the information on tape #1 is 
recorded on tape #2. 

In position “C”, the master tape is 
placed on machine #2 and the blank 
tape on machine #1. The Magne- 
cord switcher control is placed in 
#1 position, the amplifier again in 
record and the information on tape 
#2 is recorded on tape #1. 


CUES for BROADCASTERS 


(Continued from page 91) 


This duplicator has been useful 
for making duplicate tapes for other 
stations, various schools, etc. It is 
also ideal for editing and dubbing 
tapes. 


Time Signal Generator 


C. HARVEY HAAS, Chief Engi- 
neer, KSPA, Santa Paula, Calif. 


OM observation, it seems there 
are as many types of time signals 
as there are stations; some use hand 
chimes, some mechanical and some 
straight oscillators. A tone from an 
oscillator is usually “pure,” but pure 
tones are not pleasing to the ear. At 
this station we use a combination of 
two tones, the result is pleasing, and 
in addition to this, the tone is al- 
ways of the same duration. 

Both oscillators generate a tone 
which is varied by changing the 
value of the 100M pot; a point will be 
found which is pleasing to the ear. 
These frequency combinations can 
cover a range, to suit the individual. 
The time of decay is determined by 
the resistor and condenser marked 
®. A good starting value is approxi- 
mately 100M for the resistor and ap- 
proximately 0.5 for the capacitor. 
However this depends on the whims 
of the engineer. The push-button is 
pressed once for the signal. Duration 
button holddown has no effect on 
the decay, 

No signal should pass through the 
decay tube until the button is 
pressed. Pressing this button puts a 
plus charge on the resistor-capacitor 
combination, also grid #2 of the tube. 
Thus the signal passes through. At 
the same time this combination is 
“bleeding off,” during this period, 
the signal is starting to decay. 


Circuit for producing combination tone in time signal generator 


884 or 885 
7 
100M 1OM 
100 » 2M 

M 50M 

25M 

nad + 

10M 
50M 

25M 
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20 PRIZE-WINNING ARTICLES 
from Audio’s International Sound Recording Contest 


offers you all this 
valuable new information 


- +. and it doesn’t cost you a cent! 


Here’s a wealth of new ideas on how to 
use tape and disc recordings to achieve 
greater economy and efficiency in radio, 
TV and sound studio operation. 

With reference to these articles, one of 
the contest judges commented as follows: 
“I have never received so much informa- 
tion which was new and exciting in such a 


QUICK FACTS ON 
MAGNETIC TAPE RECORDERS 


Each year, Audio Record brings you a 
complete, up-to-date listing of all makes 
and models of tape recording machines 
-with conveniently arranged price and 
performance data. This directory issue, 


short time in all of my years in the busi- 
ness.” And another judge stated that “the 
information and descriptions of recording 
operations conducted in small radio sta- 
tions and recording studios throughout 
the country has been quite an education.” 

Contest winners include entries from 11 
different States, as well as from Canada 


published in September, is the most com- 


and Switzerland. The 20 best articles, 
which were awarded cash prizes totaling 
$1400, will be published in ‘the pages of 
Audio Record. The information thus made 
available to the industry will be of real 
value to sound recordists everywhere. 


plete and authoritative compilation of 
tape recorder information available to the 
industry. Over 75,000 copies of the last 
issue were distributed. 


. . « plus many other articles of timely 
interest to the sound recordist 


Audio Record keeps you well informed on all the latest trends 
and technical developments in all phases of tape and disc 
recording. It is not an advertising publication and its sole pur- 
Pose is to render a needed and useful service to the industry. 
Audio Record, published 8 times a year, is currently dis- 
tributed free of charge to a request mailing list of about 
35,000 sound recordists in broadcasting stations, recording 
studios, schools and colleges throughout the country. 


AUDIO DEVICES, Inc. 


Dept. AR-4, 444 Madison Ave., New York, N. Y. 
Export Dept.: 13 East 40th St., New York 16, N. ¥, Cables “ARLAB” 
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IT’S YOURS FOR THE ASKING 


A letter or post card will add your name to the Audio Record 
mailing list. And if you would like to have others in your 
organization read it also, send their names along, too. Just 
write to Audio Devices, Inc., using the Dept. No. listed below. 
All requests addressed to this Dept. will be started with the 
July-Aug., 1953 issue, so you will be sure to get all the prize- 
winning articles, as well as the 1953 Tape Recorder Directory 
Issue. ; ; 


-WAVEGUID 
Components 


TO SPECIFICATIONS 
SINCE 1943 


TEES BENpDs 
MIxers RATRACES 
DUPLEXERS CAVITIES 
Roratinc Joints Paps 
FILTEers PHASERS 
ATTENUATORS FLANGES 


Exectronic ASSEMBLIES 
Spectra Purpose COMPONENTS 


For the complete story on 
Premier’s fully integrated 
engineering, production and 
testing facilities, write Dept. 
TT today for our new bro- 
chure. 


52 West Houston Street 
New York 12, N. Y. 


New Technical Products for the ELECTRONIC 


CAMERA DOLLY 


The new crank operated TV camera 
dolly shown is, composed of two sec- 
tions: a triangular three-wheel base 


and a camera mounting column that 
weigh approximately 50 and 40 lbs., 
respectively. The unit is steered by the 
“T” handle which also locks the wheels 
in the desired stationary position. The 
camera is raised and lowered by a 
simple, silent-action wheel crank. The 
wheel guards are adjustable from % in. 
to .1 in. above floor level. Allen B. 
DuMont Laboratories, Inc., Television 
Transmitter Div., 1500 Main Ave., 
Clifton, N. J—TELE-TECH & ELEC- 
TRONIC INDUSTRIES. 


TRIODE 


The ML-5531, a forced-air-cooled, 
heavy-duty triode for industrial use, 
incorporates a heavy wall anode, a 
thoriated tungsten filament, and elec- 
trode mountings and kovar seals. 
Operating at frequencies up to 30 MC, 
the unit meets the requirement for a 
single-tube oscillator in 15 kw output 
electronic heater service, and a single- 
tube, final-stage amplifier in 10 kw 
AM broadcast service. Max. ratings in- 
clude 30 kw plate input; 10 kw plate 


dissipation. Filament operates at 63 v., 
92 amps. Machlett Laboratories, Inc., 
1063 Hope, Springdale, Conn.—TELE- 
TECH & ELECTRONIC INDUSTRIES. 


€* 


TRANSDUCER 


Model 200 heat-flow transducer can 
drive indicating or recording meter; 
directly because of the high-linear 
electrical output relative to heat-flow 
gradient across the unit. High electrical 
output results from a large area-den. 
sity of silver-constantan thermocouple 
junctions, the output from which can 
be connected to various physical and 
electrical configurations. Based on a 
%4 x 4% x 4% in. unit containing 
from 180 to 720 junctions, plus a ther- 
mocouple to check ambient temper- 
ature, the transducers have a range of 
sensitivities up to 6btu/ft.2/hr./my, 
Each transducer weighs approximately 
one ounce and has thermopile and 
thermocouple terminals brought out to 
one edge. Specific applications are 
total-hemispheric and net-exchange 


radiometers, portable heat-flow meters, 
and soil heat-flow recorders. Beckman 
& Whitely, Inc., 915 San Carlos Ave., 
San Carlos, Calif—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


CIRCUIT BREAKERS 


E-T-A thermal, single-pole, minia- 
ture over-current circuit breaker has 
been designed to protect ac motors, TV 
sets, instruments, and other kinds of 
electrical and electronic equipment. The 
bimetal thermal overload device is 
amply rated, and cannot be tampered 
with. Maximum voltage ratings: 250 v. 
ac, 24 v. de. Current ratings: from 50 
ma up to 25 amp. The breaker can be 


used for 230 v. de if the prospective 
short circuit current does not exceed 
6 amps. Overall length, 2.44 in., width, 
1.221 in., depth, 0.571 in. Weight, approx. 
% oz. E-T-A Products Co., 915 W. Oak- 
dale -Ave., Chicago 14, Ill—TELE- 
TECH & ELECTRONIC INDUSTRIES. 


— 


More product reviews can be 
found on pages 116 and 118. 


—— 
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CONNECTORS 


“Interlock” electrical connectors in- 
corporate an automatic locking connec- 
tion that cannot be accidentally 


—_— 


LAMINATED TERMINAL STRIPS. 


TYPE “B” PLEXIGLE TERMINAL STRIPS 


disconnected. The plug engages auto- 
matically, but can be easily and quickly 
disconnected. When locked, the vibra- 
tion-proof connection has a constant 
low resistance and makes two separate 
contacts that are under constant spring 
pressure. Decrease in one contact sur- 
face automatically increases pressure on 
the other. Various types of “Interlock” 
connectors include: metal and insulated 
automatic locking plugs and jacks, right 
angle plugs, connectors, splicing links, 
and flexible aluminum terminal strips 
that can be cut to length and bent or 
curved to any form fitting wiring de- 
sign. Also included is a 4-in-1 test prod 
with interchangeable attachments that 
lock automatically to the prod coupler. 
Harvey Hubbell, Inc., State & Bos- 
wick Ave., Bridgeport, Conn.—TELE- 
TECH & ELECTRONIC INDUSTRIES 


REMOTE SYNC HOLD 
The FTL-87A remote sync hold is 


_ designed to bring a studio synchro- 


nizing generator into exact synchro- 
nization with the sync component of a 


remote video signal. Accomplished on 
a gradual basis, a local program 
brought in will not roll on home re- 
ceivers while the sync generator is 
being locked to the remote sync. Once 
local-remote synchronization is esta- 
blished, montages, superimpositions, 
and other special effects can be pro- 
duced using both local and remote or 
network video signals simultaneously 
through use of such additional units as 
FTL-93B scanner. Federal Telecom- 
munication Laboratories, 500 Wash- 
ington Pl., Nutley, N. J—TELE-TECH 


& ELECTRONIC INDUSTRIES. 
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WEIRD DEVELOPMENTS 


The other day we got a 
request for quotation from the Foul 
Fiends of the Air Procurement Agency, 
material required in.conformance with 
a horrible list of spook specs. 
Sales didn’t think we had a 
ghost of a chance, but the boys in the 
back room brushed 
the dead crows_ 
and went to work. 


It seems that this year the 

Ghouls are trying out - 

a new apparition apparatus which computes wy 
the spirit resistance of the victim during the 

ephemeral expedition so as to energize the ectoplasm 

Gar at the optimum rate and range. Rate-correction 


is derived from the victim’s tooth-chatter rep-rate 
up to within a few microseconds of the awful climax. 


The required relay pulses electroplasm to the Cold cathode of 
the Spiritron whose emgnations p produce greenish light and 


jangle the chains ~ «2 . through a phantom link. 
(The throat-clutch is” , » engaged manually.) The 
normally closed contact” “ puts a damping diode on 


the atmosphere control and prevents accidental dematerialization. 


Fortunately, operating temperatures are never higher 

than cold blood, and even though humidity and 

corrosion requirements are — well — unspeakable, the boys have 
developed a very neat relay with controlled contact 

shudder, unaffected by screams of 60 db max. up 

to 2 ke and as sensitive as a will-of-the-wisp. 


The job was done so promptly and brilliantly that we hope 

to cash in on this year’s Hallowe’en business. The boys who did’ 
it are still out on a bat so we haven’t anybody for 
the coffin-nail jobs Q 5 right now, but brass-tack 
requests for relay developments will get a 
spirited} response. 


a=- SIGMA 


SIGMA INSTRUMENTS, INC. 


86 Pearl St., South Braintree 
Boston 85, Mass. 


Wher 


VIBRATION 
AND SHOCK 


become a headache - 


urn to FINNFLEX for relief ! 


FINNFLEX offers 
TECTION for VITAL EQUIPMENT 
by means of:— 


AIRBORNE MOUNTING BASES 
VIBRATION ISOLATORS 
SHOCK MOUNTS 


Conform to JAN-C-172A, but are actu- 
made to exceed MIL-E-5400 (Super- 
ing AN-E-19) Drop Test requirements. 


FINNFLEX Mounts isolate vibration and 
shock from Electronic, Communication, 
and Control Equipment. They offer unim- 
paired efficiency from —80° to +250°F., 
, “Selective Action’ friction dampening, 
non-linear steel springs, and other fea- 
tures. Many sizes, load ratings available. 


FINNFLEX 3-POINT SERVICE for SPECIAL 


PROBLEMS: (1) Testing: We have com- 
plete laboratory facilities for Vibration, 
Shock and Drop Testing... (2) 
Designing: We design and recommend 
a Shock or Vibration Mount best suited 
to your special needs ... (3) Manufac- 


turing: We have substantial facilities for 
manufacturing the desired unit in any 
quantity, economically, and on schedule. 


Send us ata 9 <p today, or write 
for Cata 


MAXIMUM PRO- 


TYPE “Hi-G” 

MOUNTING BASE 
These units have exceptional ruggedness, 
plus a special reinforced structure to 
withstand shock far in excess of 30 “G” 
This characteristic makes these bases 
ideal for use in carrier-based aircraft. 


TYPE “CG” MOUNTING BASE 


Especially songoet for equipment hav- 
ing eccentric CG permitting a wide vari- 
ation in the loads applied to the 
individual mounting. The use of 
FINNFLEX Vibration and Shock Mate- 
tial assures you of superlative Industrial 
or Governmental Bases and Mounts. 


T. R. FINN & COMPANY, Inc. 


Specialists in Vibration Control’ 
$33 JACKSON AVENUE. NEW YORK 54, N. Y. quam 


Phone: CYpress 2-4192-3-4 


* 
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MAGNETS 


“Magnadur,” said to be the first ce- 
ramic permanent magnet material to be 
made in the U.S., contains no nickel, 
cobalt, tungsten, or other critical ma- 
terial. The product is a very hard, 
brittle, black pottery-like substance 
made from a mixture of barium and 
iron oxide by a powder metallurgy 
process. The mixture is pressed or 
extruded to shape, then sintered at 
high temperatures. Its high coercive 
force, high demagnetization resistance, 
and magnetic stability enables the use 
of Magnadur magnets in the presence 
of hf fields without magnetic loss. For 
the remainder of 1953, the initial pro- 
duction of the new material will be 
concentrated on toroidal rings devel- 
oped for TV focusing ring magnets. 
The double lens system, using two 
Magnadur rings, reduces stray fields 
to a minimum and provides undistorted 
pictures with uniform sharpness. Fer- 
roxcube Corp. of America, 233 Mar- 
shall St., North Adams, Mass.—TELE- 
TECH & ELECTRONIC INDUSTRIES. 


RESISTORS 


Standard Stackpole % watt, fixed- 
composition resistors are now available 
with formed and trimmed leads which 
facilitate resistor handling when com- 
ponents are assembled on the standard 
0.062 in. printed wiring base. The hot 
tin-dipped leads are cut and formed 
for a tight “spring fit” and extend 
through the circuit base just far 
enough to enable easy soldering. Re- 
sistors snap into place. No other op- 
eration is needed for assembly. Elec- 
tronic Components Div. Stackpole 
Carbon Co., Tannery St., St. Marys, Pa. 
—TELE-TECH & ELECTRONIC IN- 
DUSTRIES. 


SWITCHES 


All switches now made by the Daven 
Co. are constructed in accordance with 
JAN and MIL specifications. Further, 
they incorporate silver-alloy contacts 
and slip-rings, knee-action rotors, and 
positive roller-type detent actions. 


Switch stops are independent of the 
rotors. A principal advantage of the 
present design is that a large number 
of positions and poles can be contained 
in a very small space. Also, it enables 


the presentation of a broader selection 
of positions and poles. The Daven Co., 
191 Central Ave., Newark 4, N. J. 
—TELE-TECH & ELECTRONIC IN- 
DUSTRIES. 
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EXPERIMENTAL EQUIP- 


MENT AND SPECIAL TYPES 


TRUSTWORTHY 
TRANSMISSION 


For Every HF -VHF - UHF Application 


win Federal 


QUALITY-CONTROLLED 


GUAXIAL CABLES 


Whatever your field of application ... whatever your trans- 
mission line requirement... Federal is ready to serve you. 
If the cable you need doesn’t exist, Federal will cooperate 
with you in developing and producing it in any quantity! 
Federal offers you one of the nation’s most diverse stocks 
of RG type cables—including the Federal-developed low- 
temperature, non-contaminating thermoplastic jacket. 
Quality-controlied throughout the entire manufacturing 
process, Federal cables bring trustworthy transmission to 
every electronic application ... plus top flexibility and 
superior resistance to abrasion, weathering and corrosion. 
Before you specify cable—or complete cable assemblies 
—for any general or military application, get the facts and 
figures from Federal. We have the answer or we can get it! 


FEDERAL HAS A NEW CABLE CATALOGUE 


This new 28-page buying guide contains 
a world of up-to-date information on 
Federal’s- quality-controlled cables, plus 
numerous useful tables and diagrams. For 
your free copy, write to Federal today, 
Dept. D-766A. . 


Manufacturer of America’s most complete line of solid dielectric cables 


Federal Telephone and Radio Company 


SELENIUM-INTELIN DEPARTMENT 
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* 100 KINGSLAND ROAD, CLIFTON, N. J. 


la Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
_Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y.. 


—— - * nf * * 
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eIMPOT 


Trade Mark 


An adjustable ... 
Sub-miniature potentiometer 
for precise circuit trimming 


Bourns TRIMPOT is a wire- 
wound potentiometer designed 
for miniaturized equipment. 
Adjustments of the 25 turn slotted 
shaft are made with a screw driver. 


Accurate electrical settings in 
increments of % to 44% are easily 
controlled and are securely retained 
without the use of lock-nuts. 


Vibration of 15G at 10-2000 cps 

or a sustained acceleration of 100G 
does not interfere with the dependable 

performance of the TRIMPOT. 


TRIMPOT s can be installed individually or 
in stacked assemblies with two mounting 
screws through the eyelets in the body. 


Bourns designs and manufactures Linear 
Motion, Gage Pressure, Differential Pressure, 
Altitude and Acceleration Potentiometers. 


QURNS LABORATORIES 


6135 Magnolia Ave., Riverside, California 
Technical Bulletin on request, Dept. 172 


SHORT SLOT HYBRIDS 


The new Airtron series of short slot 
hybrids with miniaturized dual-contact 
flanges are adaptions of the pro. 
posed RETMA contact types designed 
for unpressurized service with mix. 
ers, power-splitters, direction-couplers, 
phase-shifters, and duplexers. These 
flanges make it possible to adapt any 
arrangement of components. Report RR 
585, “Standard Short Slot Hybrids and 
Accessories,” is available on request, 
Airtron, Inc., 1109 West Elizabeth, Lin. 
den, N. J.—TELE-TECH & ELEC- 
TRONIC INDUSTRIES. 


PULSE-SYSTEM 


The “Modular” system of digital 
pulse-units consists of 16 electrically 
and mechanically compatible units 


which perform all the basic functions 
of digital pulse operations, such as 
gating, pulse forming, counting, coin- 
cidence marking, amplification, signal 
inversion, and impedance matching. 
Since each 23% x 4% x 9 in. unit per- 
forms a multiplicity of independent 
functions selectively, a complete sys- 
tem of 16 units and a regulated power 
supply has a capability of 72 sep- 
arate functions with as many as 31 
functions simultaneously available. 
Audio Products Corp., 2265 Westwood, 
Los Angeles 64, Calif—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


X-BAND SWEEPER 


A new X-Band sweep generator pro- 
viding r-f energy continuously swept 
from 8.5 to 9. KMC at a 12 eps rate 
makes possible the application of micro- 
wave testing in the X-band possible, 
heretofore, only in lower frequency 
regions. TR tube, antenna, crystal 
amount matching, etc., can be studied 
in the laboratory with the new equip- 
ment, while component checks in the 
X-band region can simplify production 
problems. A display unit, consisting of 
a dual sweep, allows both reflected and 
transmitted energy to be observed on 
the screen. The reflected energy de- 
flects the cathode ray beam upward 
when it travels from left to right, while 
the transmitted energy deflects the 
beam downward when it travels from 
right to left. Consequently, the VSWR 
characteristics of the microwave com- 
ponent can be viewed over a one thou- 
sand MC frequency range. Polarad 
Electronics Corp., 100 Metropolitan 
Ave., Brooklyn 11, N. Y—TELE-TECH 
& ELECTRONIC INDUSTRIES. 
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MANUFACTURING COMPANY, INC. 
3155 Fiberglas Road, Kansas City, Kansas 


WORLD'S 


_ Admiral 
Wisqaeves 


GREAT NAMES IN COMMUNICATIONS... 


e 
RELY ON UMand CRYSTALS 


These companies—and many others in leadership position 
in the field—depend on Midland crystals for completely 


reliable frequency control in their products. 


THAT FACT IN ITSELF is testimonial enough to the kind 
of performance Midland Quality Control has built into 


millions of crystals for every communications use. 


Whation fal need, conventional, or hi Apeerelined 
Neal angi " 


LARGEST PRODUCER OF QUARTZ CRYSTALS 
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Wing biade handle on threaded 
center shaft for easy connecting 
and disconnecting. Stronger— 
the center post is inserted after 
molding operation. 


Cap and collar removable 
for easy wiring. 


Resilient bushing applies 
pressure to relief bushing 
and cable. 


Here’s why those 


in the know demand — 


TYPE 2E Sealed Power Connector (Sig- 
nal Corps numbers U-112/U to U-118/U) is 
typical of Cannon's foresighted engineering 
to do a better job. The 2E Series is designed 
for heavy duty service on Signal Corps power 
units for audio equipment. 


Features: 

@. Longer contact engaging length. 

b. Thicker inserts of greater tensile 
strength to reduce breakage. 

¢. Closed entry socket contacts. 

@. Special sealing rings which do not re- 
quire sealing compound or gaskets. 

e. Efficient neoprene clamp gland. 


Manufactured in accordance with Specifica- 
tion MIL-C-1252 (Sig. C) the 2E Series Plug 
has cable clamping provision from 0.205 to 
0.770 inclusive. Quick connect and discon- 


CAN INONEEVE CTRIC 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 
Factories in Los Angeles; New Haven; Toronto, Canada; London, England. 
Representatives 


Watertight and pressurized, note rubber bushings and sealing rings. 


Pin and socket barrel 
™ assemblies may be re- 
placed in same fitting. 


All contacts machined from copper 
base alloy stock silver-plated. Be- 
ryllium spring on socket contacts. 


Insulator material type CMG to 
MIL-P-14 Spec, 


CANNON 
PLUGS 


nect are accomplished by a wing handle and 
threaded center screw that can be operated 
by gloved hands in extreme climatic condi- 
tions. Two shell sizes accommodate four in- 
sert arrangements of 4, 9, and 19 contacts. 
Watertight and pressurized, with rugged con- 
struction, Cannon’s 2E Sealed Power Connec- 
tors are built for long life and trouble-free 
service and are adaptable to industrial appli- 
cation. Write for Advance Bulletin No. 2E-1. 


Since 1915 


in principal cities. Address inquiries to Cannon Electric 


Company Dept. §-201, Los Angeles 31, California. 
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Transistor Transient 
(Continued from page 69) 


ever, this basic equivalent circuit 
fails completely at higher frequencies 
and in the prediction of transient re. 
sponse. It is desirable, at this point, 
to investigate more fully the trang. 
port factor, B, and to determine how 
it contributes to the frequency and 
transient response of the transistor 
circuit. 


Diffusion Process 


Semiconductor physics has shown 
that holes and electrons in semicon- 
ductors may move under the influ- 
ence of either, or both, (a) an 
electric field gradient or (b) a con- 
centration (density) gradient.’ It has 
further been shown that, except in 
close proximity to the barriers, mi- 
nority carriers in a p or n region are 
influenced predominantly by a con- 
centration, rather than an electric 
field, gradient. In the ensuing anal- 
ysis, this assumption will be consid- 
ered valid, and the electric field ef- 
fects on carrier motion will be 
neglected entirely. However, it 
should be remembered that this as- 
sumption is never absolutely valid, 
and in particular, in such transistor 
devices as tetrodes or transtrictors 
(unipolar devices), the electric field 
is of prime importance. 

When particles of any sort move 
as the result of a density gradient, 
the resultant motion is described as 
diffusion. Carrier diffusion in the 
base region of a transistor is charac- 
terized by the fact that the density 
of carriers may be modulated at the 
emitter junction but is almost zero 
at the collector junction, A physical 
analogy of the diffusion of carriers 
through the base of a transistor may 
be made to thermal diffusion in a 
metal rod.® 

The diffusion mechanism in tran- 
sistors can be calculated mathemati- 
cally by application of two funda- 
mental physical laws: the continuity- 
of-flow equation and the current- 
gradient equation. It can be shown 
that the diffusion equation for tran- 
sistors is: 1 (1), (2), (4): 

2m ob gin t= | 

at Da VY? m T., 

where m is the carrier concentration 
density, m, is the thermal equilib- 
rium concentration of carriers in the 
base, T,, is the mean carrier lifetime 
and D,, is a diffusion constant. For 
most modern junction transistors, the 
width of the base region (W in Fig. 1) 
is very small compared to the length 
of the base (B in Fig. 1), and so Eq.3 
may be simplified to a one-dimen- 
sional representation, which assumes 


How SUNRAY OIL 


hoosts 
pipe line capacity 
25% 


Three years ago production skyrocketed 
at the Sunray Oil Corporation refineries 
in Duncan and Allen, Okla. Expansion 
throughout the system overloaded the 
6-inch pipe line between the two cities. 
Bigger pipe was not available. 


Sunray engineers hit on a cost-cutting 
solution—installed three electrically 
powered booster stations between regu- 
lar pumping stations. They know that 
electric motors cost less to install . . . 
require little maintenance . . . are easily 
adapted to remote control circuits. 


Then engineers selected an RCA 960- 
mc Microwave radio-relay system to 
effect complete remote control of the 
“boosters” from regular pumping sta- 
tions. Microwave stations spaced miles 
apart proved cheaper to install and main- 
tain than direct wire. And Microwave 
systems are virtually weatherproof. 


Unattended booster station at 
Pernell, Okla. Radio-beam signals via 


RCA Microwave operate the booster 
When the Sunray microwave-operated - 


“boosters” were put in operation on 
January 31, 1952, the pipe line’s capacity 
immediately increased 25 per cent! 


RCA Microwave “beams” highly di- 
rectional radio signals from station to 
station by “dish” antennas. Since 1946 
RCA has installed many fully reliable 
Microwave systems, some over 1,000 
miles long. All have proved themselves in 
performance—for utilities, government 
agencies, telegraph companies, turn- 
pikes, as well as pipe lines. 


In addition to remote control and 
supervisory functions, RCA Microwave 
Provides as many voice and teletype 
channels as you need—and does it 
with a minimum of frequency space. It 
employs readily available tubes and 
familiar circuits which are easy to serv- 
ice. It interconnects with your telephone 
lines and switchboards. 


If you desire, RCA supervises survey, 
construction and installation—offers a 
complete single-source, single-respon- 


Telemeter charts give continuous 
record of power and pressures at 
boosters. Operator remote-controls 
valves and pumps of booster stations. 


COMMUNICATIONS EQUIPMENT 


® 
Dept. 119W, Building 15-1 


(0 A Booster Station Microwave System 


sibility service. And only RCA can pro- 
vide the nationwide service facilities of 
the RCA Service Company. 


Name Title 


Address City 
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by full remote control. Maintenance 
man inspects each station once every 
24 hours. 


Signal lights indicate equipment fail- 
ure and emergency generator oper- 
ation. 2-way voice channel contacts 
maintenance personnel. 
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CAMDEN, H. J. 


Without obligation on my part, please send me your free booklet on: 
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The JK G-12 is a precision 100 ke 
G-T cut crystal intended for oper- 
ation in Meacham Bridge and simi- 
lar oscillators. Available for oper- 
ation at series resonance or into 
large load capacities. Resistance 
approximately that of usual lamp 
used for amplitude stabilization, 
simplifying bridge circuit design. 
The JK G-12 is vacuum sealed. 
Equipped with octal base it is more 
convenient than usual “soldered- 
in’ type of precision standard 
crystal. Suitable for transistor oscil- 
lators.Will fit JK O7EH temperature 
control unit. Consult us on specific 
applications. 


: ss Pa sg  mpor- 
ont ‘ valled of JK Crystals. 
In an airconditioned, dust-free plant crystal blanks 
are r ly cleaned with chemicals, washed in 
distilled water and spun dry — plain tap water or even 
a fingerprint would impair stability. The final crystal, . 
vacuum sealed in a glass holder, provides stability 
equal to a watch that would remain accurate to within 

three seconds over a year's 
time. Creative research com- 
bined with today's most 
modern production facili- 
ties brings you today's 
finest — JK “Crystals 
the Critical", 


THE JAMES 
KNIGHTS COMPANY, 
SANDWICH 2, ILLINOIS 


TRANSISTOR TRANSIENT (Cont.) 


that carrier flow into the base lead 
of the transistor may be neglected, 
If the one-dimensional diffusion 
equation is solved for the current 
transfer ratio across the base region, 
assuming an injection ratio of unity, 
ie., i,/i, for y=1, the current ampli- 
fication factor, a, is found to be: 


: Ww 
lg SL eR 5 
a= eye sech eae v1 Fos 
fe, (4) 
where W is the width of the base. 
Eq. 4 indicates the variation of « 
with frequency which results from a 
simple diffusion process, and is lim- 


r 
: -jkw 
“be c e 
rc 
AA NAN4+—o 
le iu 
Ww 
Cc 
Tb 
o-_— —Oo 


Fig. 7: Transient small-signal equivalent 


ited in usefulness by the many sim- 
plifying assumptions which were 
made in its derivation. Nevertheless, 
from Eq. 4 it is possible to learn how 
the equivalent circuit of Fig. 4 must 
be modified for the diffusion process 
to be taken into account. 

A transmission line, such as is il- 
lustrated in Fig. 5, has a short-circuit 
current transfer ratio given by® 


“Ga) = sech \/YZ = sech yi +Crc 
i 8 
(5) 


Eqs. 4 and 5 are mathematically iden- 
tical. Thus, the transmission line of 
Fig. 5 may be used as an electrical 
analogy to the diffusion process in the 
base of a transistor. The circuit of 
Fig. 4 can be modified accordingly.’ 


Modified Transistor 
Equivalent Circuit 

In order to account explicitly for 
diffusion, injection ratio, collector 
current multiplication and _ base- 
width modulation, an equivalent cir- 
cuit is required which is much more 
complicated than any yet published. 
Such an equivalent circuit, for ex- 
ample, is illustrated in Fig. 6. 

Z,, is a complex impedance which 
represents the injection-ratio effect. 
uv, is a voltage generator, which 
must be included in the equivalent 
circuit to account for the effect of 
barrier modulation® (by the collector 
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economical DHENOLITE- low-loss 
1 


block insulators...on 


famous CHANNEL MASTER TV antenna 


Channel Master’s famous Futuramic antenna combines Broad 
Band TV coverage with the high gain and directivity of the Yagi. 
Utilizing Phenolite low-loss block insulators— the Futuramic is the one 
antenna that solves today’s reception problem, yet will also receive 
tomorrow's VHF channels. 


This use of Phenolite is typical of its countless applications in the 
electrical field. Phenolite, about one-half the weight of aluminum, is 
the perfect insulating material for high and low voltage applications. 


It possesses an unusual combination of properties. Phenolite has 


ssiticl Masinr’s two dipole eyeteus great mechanical strength and high resistance to moisture; ready 


connected by Phenolite low-loss block | machinability; is unaffected by solvents and oils. It can be easily 
insulated harness—makes possible the punched, sawed and sheared. Tough and with high impact strength, | 
high gain and directivity of the Futur- Phenolite is one of the strongest materials per unit weight known. i 
amic broad band Yagi antennas. Fi 

Illustrated: Futuramic Model 1173 c \ Available in various grades and colors; in sheets, rods, tubes, and 


broad band Yagi antenna covering 
channels 7-13, Channel Master Cor- 
poration, Ellenville, New York. 


NATIONAL VULCANIZED FIBRE CO. 
Wilmington 


\ Delaware 
skeet i Offices in Principal Cities 
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ACCURATE and 
DEPENDABLE 
PERFORMANCE ... 


MICRO-WAVE 
TEST EQUIPMENT 


THE 
MICROWAVE 
GAIN SET 


For use down to VHF: A complete sys- 
tem for making precision measure- 
ments of gain or loss in microwave 
components or systems, The IF ampli- 
fler-metering portion, available sepa- 
rately on the Model 620-A Amplifier- 
Detector Set, having an input fre- 
quency of 70 mc,, may be used with 
other signal sources and local oscilla- 
tors to provide measurements down 
to the VHF range. It consists of a 
pre-amplifier, calibrated attenuator, 
amplifier-detector and power supply. 
The 500-A Double Klystron Power 
Supply and “Centilators,"” Microwave Signal Sources, both optional, are 
also available, With its high gain and ultimate accuracy, the Set is cap- 
able of accurate loss measurements in the vicinity of zero loss, as well as 
where losses are as great as 80db. 


READABLE to 0.025 db. ACCURACY within 0.1 db of attenuator calibration, MEASURE- 
MENTS with available power as low as 80 dbm. AVAILABLE with or without RF-HEADS. 
May be used in conjunction with signal source and lecal oscillator for any frequency 
range. EXTREMELY well regulated to prevent disturbance of measurements due to drift 
of gain or tuning. PRICE—Model 620-A Amplifier-Detector Set 


MICROWAVE 
MEGA-NODES: 


Sources of ran- 

dom noise pro- 

vided in six 

waveguide sizes. 

May be used for 

measurement of 

noise figure, re- 

ceiver gain and 

calibration of if ae a 

standard signal sources. Noise figure obtained by comparing noise output 

of a system with the amount of noise introduced by the instrument. Parti- 

cularly useful for checking over-all performance in radar systems, Avail- 

able in following waveguide sizes covering following frequency ranges: 

RG 69/U 1200 to 1400 me RG 50/U 5850to 8200 me 
+ 2600 te 3950 me 7050 to 10,000 me 


3950 to 5850 mc 8200 to 12,400 me 
NOISE OUTPUT (ALL GUIDES) 15.8 db + 0.25 db. 


NEW 
Waveguide Frequency Range 
RG-91/U 12400 - 18000 me 
RG-53/U 18000 - 26500 mc 


WRITE FOR NEW CATALOG 


Waveguide Size 
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voltage, v,), on the input side of the 
transistor, Both r, and C, are ‘ 
tions of v, because of barrier 

lation, The transmission line between 
the current generator, |,, and the col.” 
lector represents the diffusion effect,” 
whereas the complex current source, 
a*(v,) 1,, accounts for collector curs 
rent multiplication effects, Despite 
the apparent complexity of this clr.” 
cult, it is still limited to analysis” 
which neglects the variation of r,, 
and r, with de currents, Thus, the” 
equivalent circuit of Fig, 6 is valid © 
only for linear ac analysis, 


Tranalator Behavior 


The complexity of tying in the © 
known physics of a transistor with © 
a suitable equivalent circuit should 4 
now be apparent, In general, how- — 
ever, it is possible to approximate the ~ 
transistor behavior by simplified ~ 
equivalents. For example, the circult ” 
of Fig. 4 may be used to represent a © 
transistor at low frequencies and for — 
small signals. The authors have | 
shown’ that the circuit of Fig, 7 may — 
be used for transient analysis where © 
the following assumptions are made; © 


(a) y = 1.0 
(b) a* = 1.0 


(c) variation in collector voltage 
negligible (uv, G¢ 0) 


(d) one-dimensional diffusion 


Condition ¢ implies that the circult 
is valid only for small signals. The ” 
circult of Fig. 7 approximates the de- © 
lay and dispersion properties of dif- — 
fusion (the analogy of which is the ~ 
transmission line shown in Fig. 6) by — 
the ideal delay line and a simple r-c © 
integrating network. Using devices © 
of this sort, it is possible to make rel- © 
atively simple approximations to the 
transient and frequency response © 
characteristics of transistor net- — 
works,’ Naturally, how close the ap- 
proximation comes to the physical — 
case depends upon how close the | 
transistor model, together with its — 
implied assumptions, approximates — 
the physical device. ; 
Calculation of the transient re-— 
sponse of transistor circuits requires 
some understanding of the funda- — 
mental physics of semiconductors. A ~ 
suitable equivalent circuit for the | 
transistor, which takes into account” 
all of the known physical principles © 
significant to transistor operation, is 
not yet available to the circuit engi- 
neer. An exact equivalent circuit — 
would have to represent such phe- © 
nomena as: : 
(1) base-width modulation by col- © 
lector voltage*® q 
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98% of all U.S. TV stations 


Hguston-Fearless 


equipment 


\ 


BETTER SHOWS 


are produced with 


HOUSTON-FEARLESS EQUIPMENT 


Too flight television showmanship is dependent not 
only on capable writers, producers and cameramen, 
but also on reliable studio equipment that will pro- 
duce any desired camera effect smoothly and quietly 
with a minimum of effort . .. and on efficient film pro- 
cessing equipment that opens vast new sources of _ 
program material. That's why 98% of all U.S. tele- 
vision stations, as well as motion picture studios in 
Hollywood and throughout the world, rely on 
Houston-Fearless for matchless quality, proved per- 
formance and absolute dependability. 


In addition to building many models 
not shown here, Houston-Fearless of- 
fers extensive engineering and manu- 
facturing facilities to produce special 
television and photographic equip- 
ment for your particular requirements, 
Write for information and catalogs. ~ 
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f / * 
Co fic paltonw 
Los Angeles 64, Calif. 


Please send catalogs on [] Friction Head [) Tripod 
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C] Parabolas C) Remote control parabola 
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(2) carrier diffusion effects in 
base?:45 

(3) injection ratio*® 

(4) collector current multiplica- 
tion* 

(5) variation of r,, r, with current 


Specific Use 


It is generally possible to neglect 
one or more of these considerations 
in reference to a specific circuit ap- 
plication of the transistor. However, 
it must be remembered that any one 
of the simplified equivalent circuits 
currently in use is limited to a 
specific use by the assumptions 
which were made in deriving it. A 
transistor which deviates from the 
assumed equivalent circuit in per- 
formance is not necessarily a bad 
transistor. In general, the equivalent 
circuit itself must be modified con- 
siderably if more transistors are ex- 
pected to follow circuit theory. 
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TINY CAMERA TUBE 


STRAIGHT-LINE 


SLIDE-WIRE CONTROL 


A tiny RCA Vidicon-type camera tube for broad- 
cast promises greater efficiency and economy in 
televising movie film. Only a fraction of the 
size of an iconoscope tube (on table) normally 
used for film pickup, the movie Vidicon is up 
to three times more sensitive, and makes pos- 
sible simpler, more compact, lower-cost TV film 
cameras and associated equipment for broadcast 
film-pickup. 
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made 
in all 
shapes, sizes 
and alloys 
with or 
without self-flux 


SOFT SOLDER 


PREFORMS 


“> ALPHA 


SPEED AUTOMATIC SOLDERING 
for flame, oven or induction heating 


Increase Production * Melts Faster *» Guarantee 
Product Precision * With Or Without Self-Flux 
Save Labor Costs * Designed For Your Application 
All Sizes, Shapes, Alloys « Stronger, Smoother 
Joints 
Alpha’s preformed solders, in any 
shape or size, cut many hours from 


ror production . You can se- 
washers, rings, coils, cut shapes, 
pellets, so der foil, to fit your 


specific needs. They save you con- 
siderable money and materials in 
repetitive soldering processes. 


AVAILABLE IN 


tk CEN-TRI-CORE te TRI-CORE 
ENERGIZED LEAK-PRUF 
ROSIN-FILLED ACID-FILLED 
te SINGLE-CORE 4% SOLID WIRE 


te SHEET SOLDER 


Please consult us on your soldering prob- 
lems. Trained Field Engineers always avail- 
able to assist you. S: or large quantities. 


for further information 


yy write... 


ALPHA METALS, INC. 


58 Water St., Jersey City 4, N. J. 
Specialists IN SOLDER For Over 50 Years 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


— 


arr 


TYPE BHGA 
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TYPE BHS 
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TYPE BHSA 


FREQ. 90-200 kc 


TYPE BH7A 
FREQ. 15,000-50,000 kc 


THE INSIDE STORY 


RESEARCH Top quality means top performance after long 
ENGINEERING service. Bliley quality control far exceeds the per- 
functory steps necessary to produce and ship crystals 
CRAFTSMANSHIP which meet a nominal specification. 


PRECISION Bliley precision process techniques, rigidly followed 
in orientation, slicing, lapping, and plating guarantee 
PRODUCTION peak crystal performance. That extra touch of en- 
gineering and craftsmanship makes the big difference 
DELIVERY in your equipment. 


QUALITY That’s the Bliley inside story! 
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Right on the button! And they stay on the button, regardless of adverse 
operating conditions and long service life. Made under Western Electric 
license, Carbofilm (deposited-carbon) resistors provide the dependability 
of wire-wounds with the compactness of carbons. In two types: 


Coated (special resin film) units for economy 
‘as well as accuracy and stability. 


Hermetically-sealed (metal-case glass-to-metal sealed) units. 
Extraordinarily protected — mechanically, electrically, climatically. 
Both types in 1/2, 1 and 2 watt sizes. 


% FUNCTION-FITTED... 

Carbofilm Precision Resistors are backed by out- 
standing application-engineering experience. Our 
specialists will gladly collaborate in working out 
your precision resistance problems. Literature on 


AEROVOX. CORPORATION 
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FITTED 


OLEAN, N. Y. 
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(Continued from page 89) 


two transformers will be required: 
for a higher degree transfer func. 
tion it is clear that use of this 
method will require a larger number 
of transformers. It is of course de. 
sirable that only one real trans. 
former be used, and we now demon. 
strate an alternate procedure that 
requires only one real transformer, 

In the net work of Fig. 6 we may 
remove the poles with the smaller 


Fig, 10: Lattice achieved for example 


residues as was done previously, 
This is optional with the designer, 
However, we must always leave a 
part of the inductance branch in the 
cross arm and remove a part of it 
as a shunt branch across the input 
and output terminal pairs. Thus if 
Yin > Yia» WE May remove y,, from 
each arm; however, for yi, > Yup 
as we have assumed in this illus- 
tration, we remove only a part of y,, 
from each arm. (We can, of course, 
for this case initially perform a ro- 
tation of the output terminals so 
that the resulting cross arm will 
have a larger residue in the pole at 
the origin). It will become clear that 
the amount we remove in any par- 
ticular example depends on the 
coupling coefficient we wish to 
achieve. Suppose we remove yjy;,/2 
from each arm. Now we separate the 
lattice into only two paralleled four- 
terminal networks, as shown in Fig. 
8. Since the admittance of the arm 


Fig. 11: Lattice equivalent to that in Fig. 10 


of the lower network contains a 
zero at infinity, we can obtain a 
series inductance by expanding the 
impedance of this arm as a Foster 
network. This series inductance can 
then be used as the leakage induc- 
tance of the real transformer. The 
form of network obtained is shown 
in Fig. 9 (a), while Fig. 9 (b) shows 


'S SRasetroetnx 


L « | and 
i's 


° 


. g real transformer. 


the ideal transformer replaced by 


It is thus clear that we can always 
obtain an unbalanced form of net- 
work that employs at most one real 
transformer and no ideal transform- 
ers. 

We are given 

E, s* + 7s _P 

=~ 7, ~ §? + 8? +38 + 1 q 
which we wish to realize within a 
multiplicative constant H as a loss- 
less unbalanced network terminated 
in resistance and containing at most 
one real transformer. 

We work with 


K’ = E/E; = ig’ 


Dividing the numerator and de- 
nominator by the even part of the 
denominator yields 

gn OOO +1). 
~ At + (s* + 3s)/(s? + 1] 
We compute the residues and the 
values of H. 


Pole at infinity: 
k,™ = 1 
k,@ = 1 


fs H = k,™ /k,@ a= Bi 
Pole at s = +jl: 
k;™ = 3 
k,® = ] 
.H = k,™/k,® = 3, 
Suppose we are interested in sav- 


on 
ee tere tee 


Fig. 12: Intermediate unbalanced network 


ing elements. Therefore we choose 
H equal to 3. Then 

k,() = ] k; = 0 

k,>) = 2 k;( = 3 

and the load resistance R for the Z,, 
is R = H/2 = 15 ohms. The lattice 
arms are 


Z.=8 

6s 2s (s? + 4) 
s? + 1 s? +1 
and the lattice shown in Fig. 10 
realizes 


Z, = 2s + 


Zi. = (1/2) p/q. 
We now proceed to convert the 
= to an unbalanced form. We 


yet 
Ss 


1/8 3s/8 
Y>p = + ee 
which yields the equivalent lattice 
shown in Fig. 11. 

We first remove an inductance 
with an admittance value of 1/(16s) 
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Eliminating all vacuum tubes, Acme Regulated Power 
Supplies provide extremely dependable, trouble-free, 
accurate, most economical service for industrial and 
laboratory purposes. Regulated by magnetic amplifiers. 
Such units will give a minimum of 20,000 hours’ continuous 
service. Available in variety of voltages and frequencies. Typical: 


Here shown is Type $-730. Input: 100-120 v. AC; 380 to 
420 cps. Output: 6000 v. DC + 5%, with 100 microampere 
load; 600 v. DC tap; ripple voltage less than 120 v. 
peak-to-peak at 100 microampere load. Temperature 
Range: Designed to operate from — 55°C 
to +85° C, and at —55° C at 50,000 ft. altitude. 
Potted Unit which elminates altitude problems inherent in oil- 
filled designs. This particular unit does not include magnetic amplifier. 


a special unit for you. Literature on request. Ss 


AEROVOX coRPORATION 


N. Lake Avenue, Pasadena 4, Calif. 


ZK FUNCTION-FITTED TO YOUR NEEDS 
Send us your power supply requirements. Acme 
either has a standard unit that will do, or will design and build 


SLOT WEDGE® if 
. ot aterial 1S FO miared to PFO 
ands me eat a 
by j 7 


Formica engineering makes the 
big difference in laminated plastics 


Se 
— 
-_ 

wa 


cvannian. KeZouye- 


’ 


Solenoids and Contactor units to improve the pers 
formance of business machines that count and 
compute. Guardian’s No. 1 Solenoid is appropri- 
ately the No. 1 choice of leading manufacturers 
of adding machines. The Guardian Series 595 D. C. 
Relay is widely used in adding machines and 
computing devices. Available with open type (up 
to 4 P.D.T.) construction or hermetically sealed to 
specification. Send b/p for a prompt quotation and 
specific recommendations. 


GUARDIAN 


1607m W. WALNUT STREET 


S COMPLETE CIME OF BELATS StavING Amtaican ineustaY 


c 


eS «6 
> e 


THE SWITCH 1S ON to Guardian Relays, Steppers, ] i 


NO. 1A A.C. 
SOLENOID 


SERIES 595 D.C. 
RELAY 


ELECTRIC 


FOR PUBLIC ADDRESS, 
RADIO, and kindred fields, 


specify JONES .720 


SEREES 


PLUGS AND 
SOCKETS 


; of proven quality! 


Double Contact Area 


complete line, 
g: Electrical 
Plugs, 


n 
Jones Catalog 1 


necting 
Terminal 


HOWARD B. JONES DIVISION 
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RLC (Continued) 
from each arm and then divide the 
lattice into two parallel networks. 
The [Y, — 1/(16s)] is now realized 
by a partial fraction expansion of 


its impedance: 
Z = 1/{Y» — 1/(16s)] 
16s (s? + 4) 
~ “(st + 4/7) 
16s 48s 


7 + 49 (s? + 4/7) 
The network achieved thus far is 
shown in Fig. 12. 

We can now replace the ideal 
transformer by a pair of coupled 
coils with a non-unity coupling co- 
efficient. The final network is shown 
in Fig. 13. 

In order that a transfer function 
be physically realizable by a loss- 
less coupling network terminated in 
a single resistance, it must have an 
odd or even numerator. In this pa- 


onms, henrys, terods 


Fig. 13: Final network realizing given transfer 
nee function with use of no ideal transformers 


per a method has been demonstrated 
for realizing any of these transfer 
functions by means of a lossless lat- 
tice network terminated in resist- 
ance. With the further restriction of 
an odd numerator for a transfer im- 
pedance and an even numerator for 
a transfer admittance or transfer 
voltage ratio, the achieved lattice 
can always be reduced to an unbal- 
anced network with the use at most 
of one real transformer, where the 
real transformer is defined as one 
that has finite magnetizing induct- 
ance and a coupling coefficient 
smaller than one. Such a network 
finds many practical applications in 
circuit design. 


The research described herein was under the 
Supervision of Dr. E. A. Guillemin, and was sup- 
Ported in part by the Air Materiel Command, the 
eid Signal Corps, and the Office of Naval Re- 
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For audio equipment, smart broadcasters 
place their confidence in the Altec Lansing 
Corporation. Experience has shown that 
Altec equipment is always better; its qual- 
ity unsurpassed; and its dependability be- 
yond expectations. Altec equipment is 
designed to work together, without extra 
matching transformers or other expensive 
adaptations. Whether it is the new 601A Directional 
Duplex monitor speaker or a complete Microphone 
speech input installation, you'll find Altec 
audio equipment will do the job better, 
longer, more economically. ; 


250A Console. This becutiful master console repre- 
sents a new quality standard for speech input equip- 
ment. Like all Altec consoles and mixers, its frequency 
response, noise level and low distortion more than 
meet the most stringent broadcast requirements. It is 
compact and completely self-contained, without exter- 
nal power supplies or junction boxes. All amplifiers 
and power supplies are precision-engineered ‘minia- 
ture plug-in units. 


Ask our distributor or write direct for complete 
information on any item of Altec audio equipment. 


Limiter Amplifier. . .A-332C 
a 
AL if [ Plug-in Preamplifier 
3 | } A-4288 


9356 Santa Monica Bivd. . : 
Beverty Hills, Calif, 


161 Sixth Avenue, New York 13, N.Y. = 
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Export: Frazar & Hansen, 301 Clay St., San Francisco 
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Product Development Company manufactures parabolic antennas, 
omni-directional and bi-directional arrays, corner reflectors, coaxial 
cable and associated system components for various types of 
commercial and military service. Investigate Prodelin “Job- 
Packaging” today! 


The World's Finest Transmission Lines 


307 Bergen Avenue 
Kearny, New Jersey 


Project ‘“‘Tinkertoy” 
(Continued from page 72) 


desired. Such changes would not en- 
desired. Such changes would not en- 
tail the» re-training of hundreds of 
assemblers along a belt, nor under 
many conditions would it be neces- 
sary to bring in many new compo- 
nents. 

2. Freedom from dependence on 
outside suppliers for the bulk of the 
components because these are proc- 
essed in the factory from raw 
materials. 

3. A very high production rate as 
far as the number of workers are 
concerned and these do not have to 
be especially skilled. 

4, Electronic products are turned 
out that are of high quality and 
great uniformity. This is assured by 
100% inspection. 

5. The automatic machinery is not 
unduly complicated nor unreliable. 
In general the machines are simpler 
than many used in tube production. 


Possible Disadvantages 


The disadvantages that follow, 
real or fancied, are some mentioned 
by engineers viewing Project 
Tinkertoy in operation. They are 
mentioned to stimulate thought, not 


Fig. 8: ®. L. Henry of NBS examines pattern 
printer for printing six wafers simultaneously 


to detract in any manner from this 
forward-looking, excellently-carried 
out project of the National Bureau 
of Standards. 

From the designers view point: 

1. Circuits having elements other 
than R and C are more difficult to 
adapt and automatically assemble at 
the present time. 

2. No shielding, either static or 
magnetic, within a unit. 

3. Arrangement of riser wires do 
not permit leads of minimum length, 
so necessary for some high fre- 
quency radio circuits. : 

4. Not all sizes, of vacuum tube 
sockets, or' other bulky components, 


PROJECT TINKERTOY 


Released By The Government And Now Available To Industry 


what it is 


how it affects 
your production of 
electronic equipment 


Project TINKERTOY is the code name for a development by the National 
Bureau of Standards. It consists of a design system and automatic machinery 
for the MECHANIZED PRODUCTION OF ELECTRONIC EQUIPMENT. 
This program was sponsored by the Navy Bureau of Aeronautics as an 
industrial preparedness measure in production research. 


A high speed mechanized production process, the Project TINKERTOY method 
is also economical for small quantities.* Production of one or one million units 
is practical without design change. The ultimate in standardization of tooling 
and assembly is possible, and a minimum of skilled labor is required. Under 
this new design system you easily shift production over a wide range of 
products — rapidly and economically. This new mechanized production method 
guarantees uniformity of product plus automatic quality control, giving in- 
creased reliability. Production engineering costs are minimized because the 
development model actually is the final production design. 


* Small pilot runs, using an equivalent hand modu'e assembly method, are actually competitive with 
quantity production runs by present day methods. 


na 


This entire circuit can be contained in one module 


The heart of the N.B.S. system is the “module”, con- 
sisting of half a dozen ceramic wafers interconnected 
by a dozen “riser” wires. Each wafer can contain as 
many as four tape resistors, ceramic disk condensers, 
or a tube socket, plus silvered connections to the 
proper riser wire. A single module can contain an 
entire circuit including a tube socket and twenty 
components as illustrated below left. Coils and other 
miscellaneous components can also be included. Sev- 
eral modules can be sandwiched between two photo- 
etched circuits providing a complete package. Audio, 
video, IF and RF amplifiers; oscillators, sweep cir- 
cuits and counters have been made by this method. 
Tests by Sanders Associates have shown this equip- 
ment capable of withstanding environmental condi- 
tions beyond Military requirements. 


Section of radio altimeter before and 
after adaptation to Project TINKER- 
TOY by Sanders Associates 


Hand module assembly jig 


Sanders Associates is proud to have been a member of the 
team contributing to this revolutionary development of the 
National Bureau of Standards and sponsored by the Navy 
Bureau of Aeronautics. Our responsibility was the develop- 
ing and establishing of hand assembly facilities for pilot- 
line production. Sanders Associates successfully applied the 
Project TINKERTOY principles to a submarine detecting 
device, a radio altimeter and other military equipments. 


ANDERS 


Now Sanders Associates is able to offer to the industry its 
“know-how” obtained during two years of redesign engi- 
neering in association with Project TINKERTOY. We are 
ready to assist in engineering the conversion of conventional 
electronic equipment to the modular design technique, lead- 
ing to automatic production. Why not send for our recent 
bulletin on Project TINKERTOY? Address inquiries to 
Department 61. 


NASHUA, NEW HAMPSHIRE 


haf SSOCIATES 
a 
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reliability in electronics 


the only molded paper tubular 
that will consistently pass the 
moisture resistance requirements 
of MIL-C-91A (proposed) 


Here is a paper tubular capacitor that combines remarkable 
capacitance stability during heat cycling and life with phenomenal 
resistance to moisture, eyen under extended exposure to high 
humidity and temperature. 


The Telechief is brand new, inside and out. It combines a new 
solid dielectric impregnant, developed especially for this 
application, with Sangamo’s famous Humiditite molding material. 


A companion to the famous Sangamo Redskin, the new - 
Telechief is a premium. quality molded tubular, especially 
designed to meet rigid specifications so tough that no 
previously existing paper tubular could approach them. 


These molded capacitors, when tested as prescribed by 
specification MIL-C-91A (proposed), have a final insulation 
resistance value which far exceeds specifications, and is 10 to 
15 times greater than those molded in any other material. 


Full information is given in our Engineering Data 
Sheet on Telechief. Send for your copy today: 


$cs3-14 


— a — al ~ 


~~ -™ “™ “~~ - ~ 


SANGAMO ELECTRIC CO. tin: 


4 


PROJECT “TINKERTOY” (Continued) 


could be mounted on the standard 
wafer. 

From the manufacturing view- 
point: 

1. In the pilot plant the production 
line was not continuous. The output 


Fig. 9: Vibratory bowl feeder issues oriented 
wafers to machines. Spiral channels havé stops 
to check position of wafer keying notch 


of various machines was collected in 
metal containers and then carried to 
the next machine. At present the 
line does not extend far enough, 
that is, to the finished, packaged 
product. 

2. Unless the output of an auto- 
matic machine is promptly and fre- 
quently inspected by a‘ robot tester 
it is possible with high-speed pro- 
duction, when a defect in the process 
creeps in, to pile up thousands of 
rejects before the fault is noticed. 

3. Unless duplicate facilities are | 
provided, or a reservoir of parts 


Fig. 10: Interior of Tinkertoy pilot plant 


mounted on wafers is available, pro- ~ 
duction would be seriously inter- 
rupted (as in manual assembly) and 
machines made idle ‘by the failure of 
any link in the automatic. process. 
4. The structure of-the unit, or 
“module,” is such that repair of de- 
fective units in the factory would be 
difficult and in the field practically 
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| A special issue containing 


e 15 N.T.S.C. Monographs- 


The National Television Systems Committee has authorized 
IRE to publish its long awaited Monographs in the January 
1954 special Color Television issue of “Proceedings of the 
I-R-E” — thus giving them industry-wide distribution for 
the first time in print. 


e 25 additional Color TV articles— 


will also appear in this issue, which brings the reader up- 
to-the-minute on the developments of Color Television. Cop- 
ies of the first Color Television issue are still available and 
combined with this second Color Television issue will form 
a complete bibliography of major historical importance. 
Also included in the January issue will be a complete listing 
of the N.T.S.C. system specifications as submitted to the 
F.C.C.; and field test reports on the system’s performance. 


in “Proceedings of the I-R-E” January ‘54 


Available to non-members for $3.00. Extra copies toI RE 
members are $1.25. All members get one copy free! 


I R E is an organization of 33,312 member-engineers. There are 
no company memberships. Operating continuously since 1918, 
its sections meet in 78 cities. 21 specialized Professional 
Groups widen the scope of its member-services and 40 tech- 
nical committees help the industry. 


“Proceedings of the I*ReE” 


Published by 


THE INSTITUTE OF RADIO ENGINEERS 


1 East 79th Street, New York 21, N. Y. 


Please place orders before December 10th. 
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Accunalé Eg ndliOn, with THe 


FAIRCHILD 205.'As demonstrated by chart 
at right, this unit provides matching equal- 
ization curves for various types of lateral 
and vertical records and transcriptions, in 
accordance with NAB standards. 


Que TURRET HEAD Hous Tle 


MOVING COIL CARTRIDGES... 


The simplicity of this 3-in-1 Turret Head 
obsoletes multiple arms, equalizers and 
throwover switch. Use only one Fairchild 
Turret Head Arm, it mounts up to three 
Fairchild Miniature Moving Coil Car- 
tridges at one time—ready for instant selec- 
tion at the turn of a knob, which also sets 
correct stylus pressure. All critical adjust- 
ments, usually inherent in viscous damped 
arms, have been eliminated in the current 
Fairchild 201-B. A completely redesigned 
base assembly with a new method of pivot- 
ing now incorporates automatic tempera- 
ture control. 


PAIR CHILD 


136 


FOR QUICK STARTS WITHOUT 


NEW 3-SPEED TURNTABLE PROVIDES 
GUARANTEED TIMING FOR “DUBBING” 
AND ON-THE-AIR .BROADCASTING 


Reaching stable speed—less than 
1/ revolution at 3314—in 
minimum time, this newly 
designed turntable provides 
quick start from motor switch 
without overshooting. Successor 
to the 2-speed model 524, the 
Fairchild 530 is equipped with 
integral 3-speed drive, all three 
speeds synchronous. Ideal for 
“dubbing” operations, on-the-air 
broadcasting and laboratory 
applications, the 530 provides 
guaranteed accurate timing at 
all speeds, is virtually free of 
rumble and vibration. More than 
300 already in use! 


RECORDING: 
EQUIPMENT: 


154th St. & 6th Ave., Whitestone, N.Y. 


PROJECT “‘TINKERTOY” (Continued) 
impossible, therefore one would 
throw away the defective unit, re- 
placing it with a new unit. The in- 
terchangeability and low cost of the 
units makes this feasible. Actually 
this may be the trend of mainte- 
nance in the future. 

All patents in connection with 
Project Tinkertoy will be made pub- 
lic property. The Navy pointed out 
that they have backed this project 
to the point where a practical, us- 
able product is being turned out. 
They want industry to take up the 
idea and extend the field of auto- 
matic fabrication. 


WABT On Air 


Station WABT (formerly WAFM- 
TV), Birmingham, Ala., is now on 
the air with what is reported as the 
world’s first 50 KW TV transmitter. 
Operating on Channel 13, the station 
is now broadcasting with an effec- 
tive radiated power of 316 KW. 
Standard Electronics Corp. of New- 
ark, N. J., provided the equipment. 


SHAPE Invites 
Broadcasters 


Brig. Gen. William P. Nuckols, 
Chief of Public Information, Su- 
preme Headquarters Allied Powers 
Europe, has extended an invitation 
to NARTB members who will be in 
Europe this fall, to visit SHAPE 
facilities in Paris. Advance plans can 
be made through Public Information 
Div., SHAPE, APO 55, c/o Post- 
master, New York. In Paris, call 
Galvani 3000. 


NEW SMPTE OFFICERS 


Newly elected officers of the Society of Motion 
Picture and Television Engineers are (left to 
right) the new financial vice president, Barton 
Kreuzer, manager of theatre and industrial 
equipment, RCA Victor Div.; engineering vice 
president, Axel G. Jensen, director of television 
research of Bell Telephone Labs.; and treasurer, 
George W. Colburn, George W. Colburn Laboro- 
tory, Inc. 
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GE Anniversary 


(Continued from page 102) 
a particular product is arrived at, 
and how a product flows through a 
manufacturing plant. Fig. 4 sum- 
marizes this operation at G. E.’s Ra- 
dio and TV Department at Electron- 
ics Park. 

The product planning group of the 
marketing section has the responsi- 
bility of studying carefully every as- 
pect of the new product, coordinat- 
ing the efforts of all other functional 
areas of the department. 

In charting the course of the tele- 
vision receiver beyond this product 
planning group, only the actual TV 
model is followed. A more compre- 
hensive diagram would show sim- 
ilar flow lines for operational plans, 
specifications and schedules. 

An attempt has been made to 
show the points at which research 
and development, drafting, compo- 
nents engineering, manufacturing, 
cost accounting and purchasing ap- 
ply. However, it should be under- 
stood that any or all of these impor- 
tant functions might be called back 
into play anywhere along the line 
from management to final product 
for consultation or for solving prob- 
lems which inevitably arise in de- 
veloping any new product. 

Congratulations are due all in the 
General Electric Co. on this won- 
derful occasion, and especially to 
those individuals with the Electron- 
ics Division. The outlook for the fu- 
ture is brighter than ever for now 
the electronic industries are coming 
into their own. Some might say that 
because theoretical electronic boun- 
daries have now been more or less 
established, and because components 
and equipment are becoming more 
and more standardized and hence 


BENEFITS 


1. Graduate Study Programs. 

2. Advanced Company Technical 
Courses. 

3. Charles A. Coffin Awards for 
work of outstanding merit. 

4. Stock-bonus benefit plan. 

5. Pension plan participation. 

6. Immediate life insurance, hos- 
pital, and surgical coverage. 

7. Hospitalization, surgical, and 
maternity benefits for dependents. 

8. Two-weeks’ paid vacation after 
one year of continuous service; 
three weeks after fifteen years con- 
tinuous service. 

9. Absence allowances for illness 
and personal business. 

10. Discount on purchase of G-E 
products. 
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...For Rigid Sway 
and Twist Limits 


From standard broadcast ‘to’ ex- 
tended microwave installations, 
Trylon towers have extreme rigid- 
ity to withstand difficult loading 
conditions with a wide safety 
margin to spare. Each unit is 
“tailored” to fit the specific re- 
quirements of its application. 


Type 3500H—heights to 320 feet 
Note the balanced diagonal bracing 
which increases the compression 
strength and greatly increases resist- 
ance to twist. 


Type 3600—heights to 520 feet 
As shown here, a Trylon 3600 tower 
is supporting an FM antenna at 270 
feet. All Trylon towers are hot-dip 
galvanized after fabrication. 


‘Types 6000—heights to 800 feet 


This heavy-duty tower is specifically 
designed for minimum deflection with 
VHF-UHF television antennae. 


PLUS . - - Over 20 years’ experi- 


ence in designing, manufacturing, 
and installing many types of tow- 
ers, rotators, antennae shorting 
and changeover switches, and 
other antenna specialties. 


Trylon Towers are made only by 
WIND TURBINE COMPANY 


WEST CHESTER, PA. 


CUBIC’S >) SIDED COVERAGE 


PROVIDES YOU , \ With THE _WORLD’S FINEST 


e ELECTRONIC 
INSTRUMENTS 


¢ MICROWAVE & 
RADAR 
COMPONENTS 


CUBIC MICROWAVE ENGINEERS —specialists in the 
field since the inception of Radar in World War Il 
—start with electronic problems and ideas, and 
convert them into the most accurate precision-built 
* electronic instruments and equipment! We welcome inquiries —not only in connection 
_ with our rapidly developing list of products—as represented below—but on ideas, 
problems, or design of microwave assemblies of your own specification you may 


want developed and produced. 
MICROWAVE 
CALORIMETRIC 
WATTMETER 


portable... forlab and fielduse .to 
measure absolute microwave power 
Frequency Range: 2600 MC 

te 26500 MC 

Max, VSWR: 1.1 

Max. Peak Power: 600 KW 


Guar CeAe ana TIO 


COAXIAL 
CALORIMETRIC 
WATTMETER 


Frequency Range: 200 MC to 3000 MC— Max. VSWR: 1.5 over range —Max. Peak Power: 


1%"’ Coaxial rating 
MICROWAVE (X-BAND) 
é PULSE MEASURING 
7 WATTMETER 


for measuring peak power of microwave 
pulses from signal generators or radar systems. 


ELECTRONIC DIRECT- 
READING PHASE METER 


Frequency Range: 20 te 50,000 cycles 


ae ai 


Shown at left are a -few of our 
standard microwave components 
avaiiable as catalog items. Special 
purpose wave guide assemblies de- 
signed to customer's specs can also 
be produced. 


e TEST EQUIPMENT 


GE Anniversary (Continued) 


more reliable, that the industry lim- 
its are in sight. 
But from the application viewpoint 


- it is obvious that this is not true and 


that the surface has barely been 
scratched. Color television, video re- 


-cording and automation are but a 


few of the many areas destined to 
see great advances in the next 
twenty-five years. 


Diode-Capacitor 
(Continued from page 85) 

normal voltages of —4 and -+4 volts. 
Then the capacitor is left with a 
charge of 2 volts and upon the next 
squeeze will produce a_ positive 
pulse at E, ie., a “one” has been 
written. The opposite is equally 
possible: forcing E negative until 
the end of the squeeze will write a 
“zero.” Once the diodes have been 
returned to their normal voltages, 
the charge on the capacitor will be 
undisturbed by later changes at E, 
provided that the magnitude of the 
voltage at E never exceeds 2 volts. 
Thus E can have other pulses on it, 
either positive or negative, and the 
charge stored on the capacitor will 
remain unaffected because both di- 


odes will remain with backward. 


bias.. This is important for organiz- 
ing many basic storage elements into 
an efficient memory assembly and 
is the reason for charging the ca- 
pacitor to only +2 volts while bias- 
ing the diodes twice as much. 

In this description the diodes have 
been assumed to be ideal, having 
practically infinite forward conduct- 
ance and practically zero backward 
conductance. The effect of finite for- 
ward conductance will reduce some- 
what the output pulse amplitude, 
and it will determine how long a 
writing pulse must last to charge 
the capacitor adequately. The effect 
of finite backward resistance, how- 
ever, is critical: During the holding 
operation relatively long times will 
elapse, and even minute currents 
through the diodes would disturb 
the capacitor charge. The unit 
would gradually leak toward a con- 
dition of no charge on the capacitor 
or even a condition on which the 
sign of the charge on the capacitor 
is reversed. Thus the permissible 
duration of the holding operation is 
determined by the rate at which the 
capacitor leaks charge through the 
diodes’ back currents. Arbitrarily 
long periods of storage of informa- 
tion are achieved by regneration; 
before the capacitor charge can 
change to a point where there is 
danger of losing.the information, the 
memory control circuits read the 
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content of each cell and rewrite it. 

An amplifier is accordingly 
needed at point E to sense the po- 
larity of E during the early part of 
the squeeze period, together with a 
gate structure which will force E 
to the desired polarity during the 
latter part of the squeeze period. 
For reading or regeneration, E is 
forced to the same polarity that was 
read; for writing new information 
the polarity to which E is forced is 
independent of what was read, but 
is determined by the new informa- 
tion being written. Such a gating 
amplifier is easy to construct. The 
amplification required is small since 
the input is a pulse whose ampli- 
tude is of the order of one or two 
volts. The gating can be accom- 
plished with standard techniques, 
and the circuit can be constructed 
using 2 or 3 vacuum tubes and about 
a dozen diodes. 

In order to achieve acceptable ef- 
ficiency, it is essential that the gat- 
ing amplifier serve many basic stor- 


Portion of word selection matrix for providing 
rapid access to information stored in memory 


age elements. The busses to the di- 
odes are made common to all the 
digits of a particular computer word, 
and a particular gating amplifier 
serves the same digit on each of 
many words. Thus for 256 words of 
50 binary digits each there would be 
256 pairs of leads to the diodes and 
50 gating amplifiers. For reference 
to a particular word, the proper pair 
of busses are squeezed‘ to zero volt- 
age, while all the other pairs are 
held at their normal value of —4 
and -+4 volts. In this way each gat- 
ing amplifier receives a pulse from 
its particular digit of the selected 
word so that the word is available 
in parallel at the gating amplifiers. 
They can then write into this word 
or rewrite it without affecting the 
other words in the memory since all 
diodes in other words remain with 
backward bias. After the squeezing 
busses on this word are returned to 
normal, any other word may be re- 
ferred to in the same way. This is 


onsistently 


ependable 


DYKANOL* CAPACITORS 


% COPYRIGHTED TRADE MARK OF C0 IMPREGNATES 


Nobody knows oil capacitors like C-D, It's generally acknowledged 
that “nobody can duplicate C-D’s Dykanol capacitor.” You can count on 
the ruggedness and durability that have made C-D capacitors famous for 
42. years and that is all too rare these days. Catalog No. 400 will show you 
how broad the line is. Write for it to: DeptJ11-3. Cornell-Dubilier Electric 
Corporation, General Offices, South Plainfield, New Jersey. 


CORNELL-DUBILIER 


world’s largest manufacturers of capacitors 


Eo Oe 


ANTENNAS ROTATORS CAPACITORS VIBRATORS CONVERTERS 


SOUTH PLAINFIELD, NEW JERSEY » NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASSACHUSETTS * PROVIDENCE, RHODE ISLAND 
INDIANAPOLIS, INDIANA + FUQUAY SPRINGS, NORTH CAROLINA * SUBSIDIARY, THE RADIART CORPORATION, CLEVELAND, ONIO 
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Yow to CUT AND STRIP 


INSULATED WIRE... 


MODEL CS-6E 
CAPACITY 


Finished Pieces Per Hour—15 in. 
lengths, 3000 per hour; 97 in. 
lengths, 500 per hour. 


Maximum Stripping Length— 14 
in. at each end. 

Maximum Cutting Length—97 in. 
Minimum Cutting Length—2 in. 
(% in. special). 

Wire Handled—Solid or stranded 
single conductor wires, parallel 
cord, heater cord, service cord, etc. 


Maximum Wire Size—WNo. 10 
stranded or No. 12 solid. 


- Other Artos Machines 


‘The complete line of Artos auto- 
‘matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in. to 60 ft., stripped 
lengths to 642 in. at one end and 
8% in. at the other, wire from 
No. 12 to No. 000 gauge, and up 

+~to, 3600 pieces per hour. Ask for 
recommendations on your own 
specific problems. 


AROS 
2753 S. 28th St. ® 


Automatic Wire Cutting and Stripping 
FeCINEELRING CO. } 


as fast as 
3000 lengths 
per hour 


ARTOS Automatic MACHINES 
REDUCE TIME AND COST 


For quantity production of fin- 
ished wire leads . . . measured, 
cut to length, and stripped at 
one or both ends .. . investigate 
Artos Automatic Machines. 


The Model CS-6 illustrated 
can complete up to 3,000 pieces 
per hour in 15-in. lengths, and 
other lengths in proportion. 
You save through combined 
operations ... through quick, 
easy set-up...through unskilled 
help who can handle this ma- 
chine. You obtain substantial 
time savings over the best man- 
ual or semi-automatic methods. 


Highly accurate machine op- 
eration reduces work spoilage 
to an absolute minimum — er- 
rors due to the human element 
are eliminated. There is no cut- 
ting of strands or nicking of 
solid wire. Uniform lengths 
and uniform stripping are pro- 
duced consistently. 


WRITE FOR BULLETIN 


Get the complete 
story—write now 
for Bulletin 35-C 
on Artos Model 
CS-6 machines. 


Alt > 
aii pe 


Milwaukee 46, Wis: 


‘ 


NBS DEVELOPMENTS (Continued) 


the basis of a fully parallel, random- 
access .memory. Regeneration is 
handled by having the memory con- 
trol intersperse regeneration cycles, 
in which the words are read one 
after the other and rewritten into 
their former state, between the com- 
puter access cycles. 

The system described achieves 
reasonable efficiency for the gating 
amplifiers but requires a selection 
circuit capable of squeezing the ap- 
propriate pair of busses for a par- 
ticular word. This could be accom- 
plished by the customary diode ma- 
trix. For the “transformer-and-gate” 
matrix requires large standby cur- 
rents. In this memory the squeezing 
busses call for relatively high cur-_ 
rents; the resultant diode selection 
matrix is feasible but not practical 
because it draws a large amount of 
standby power. To avoid this, a se- 
lection matrix consisting of trans- 
formers and diodes is used which 
has no standby power requirement, 
although it does require more in- 
put drivers than would be necessary 
with a multidimensional diode ma- 
trix. For the “transformer-and-gate” 
matrix, developed at the NBS elec- 
tronic computers laboratory, 2n in- 
puts are required to select from n? 
words. The matrix is made up of 
two sets of crossing busses, X and 
Y; at each crossing a diode and 
transformer primary are connected 
in series, with the cathode of the di- 
ode tied to the X bus. Normally all 
of the X busses are held at +410 
and all the Y busses at —10 volts. 
This puts backward bias on the 
diodes associated with each trans- 
former, so that normally no current 
flows through any transformer. If 
one X bus is dropped to —10 volts, 
still no current flows; but if simul- 
taneously one Y bus is raised to 
+-10 volts, then just one transformer 
at the crossing of these two busses 
will receive a signal, the transformer 
secondaries connected to the diode- 
capacitor will squeeze the busses to- 
gether, and the desired word will be 
selected. 


Ruggedness 


From the standpoint of rugged- 
ness, the diode-capacitor memory is 
superior to the acoustic and cath- 
ode-ray tube memories. The com- 
ponents are light and non-micro- 
phonic, and no complicated mechan- 
ical problems exist. Printed circuit 
techniques may be used for the rep- 
etitious array, reducing assembly 
costs. 

The complete repetition of the 
extremely simple basic circuit allows 
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a new type of preventive mainte- 
nance. If the majority of failures 
have a single simple cause (low 
back resistance of a memory diode), 
a technique can be devised which 
will rapidly and thoroughly check 
for marginal diodes by means of a 
machine program. This routine loads 
the memory with a known pattern 
and then slows down the regenera- 
tion rate of the memory while 
checking for errors. Any cell which 
fails too soon will have its position 
typed out, and the cell can be re- 
placed in a matter of seconds. The 
entire program could be run every 
hour, if necessary, without seriously 
detracting from computation time. 
Other types of marginal checks, 
such as voltage variation, are possi- 
ble, but the regeneration check 
seems to be most direct. 


Automatic Computer 
(Continued from page 84) 


SWAC parallel circuits transfer 
numbers and instructions almost in- 
stantly, within the time of a single 
pulse (about 0.1 usec). 

While the CRT type of memory 
delivers information at a very rapid 
rate, its capacity is limited by the 
number of digits that can be stored 
on the face of a single tube. To pro- 
vide greater flexibility and comput- 
ing power, a magnetic drum ex- 
ternal memory was developed by R. 
Thorensen and associates of the NBS 


Behind SWAC console is Williams memory, with 
control units on either side. Magnetic drum 
is at left, paper-tape input right of console 


staff. SWAC’s drum memory is a re- 
volving metal drum which retains 
numbers and instructions on its sur- 
face in the form of magnetic pulses 
like those used in tape recording. At 
intervals, blocks of magnetic pulses 
are removed from the drum by a 
magnetic head and are taken into 
the computer to be transformed 
electronically into spots of charge in 
the Williams tube memory, where 
they remain until called for by the 
control unit. 

SWAC stores and processes infor- 


656 
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designed and prodge 


WAVEGUIDE SWITCH 
A complete line; compact, ru 
ged, suitable for imititary 
usage; brane less than |. ies 
crosstal| . oe r than 50 Db; 
operation 24 v. DC, 119 v. AC; 
may be specially ‘designed to 
meet switching problems, 


MIXER DUPLEXER 
Precision-built to closest 
tolerances; completely tested. 
Designed to meet your basic 
requirements, or produced from 
your blueprints. 


DUMMY LOADS 


Sovtenes for mili field 
ration; built ag all 


. Capa- 
ble of operating at extremely 
high average powers. 


“ire 
Compl series for all wave- 
guide ~ bs om combina- 
tion, and waveguide or coaxial 
outputs, Designed to meet your 
particular problems. 


aporenpaescee 


ation equal to brass rigid guide. 


GUIDELINE 


FLEXAGUIDE 
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BRANCH 


DAYTO} CHICAGO 


OFFICES 
LOS ANGELES DALLAS 
SEATTLE 


hirtion. 


| Linden, New Jersey 


KANSAS CITY ALBUQUERQUE 


new HEPPNER 


ferrite 
rod 
antennas 


With mountings 

to your specifications or 

without mountings. 

Inductances held to + % of 1%. 


COMPLETE LINE INCLUDES: 

3 4" diameter x 8’’ long 
: 5/1¢’’ diameter x 8’’ long 
34"’ diameter x 5’’ long 

54" diameter x 7” long 

or to your specifications 


SS er 


OTHER HEPPNER PRODUCTS INCLUDE: 
Alnico P.M. Speakers: 

3”, 314", 4° x 6”, 614”, 8’, 10”, 12”. 
lon Traps: 

Snap-On, Slip-On and Screw types. 
Centering Devices 

P.M. Focomags 

Fly-Back Transformers 


HEPPNER 


MANUFACTURING COMPANY 


Round Lake, Hlinois (50 Miles Northwest of Chicago) 
Phone: 6-2161 


SPECIALISTS IN ELECTRO-MAGNETIC DEVICES 


S846 6445 § 


TERRA ARAD 


4423339 4%.% 
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Representetives: 


James C. Muggleworth 

506 Richey Ave., W., Collingswood, N, J. 
Ralph Haffey 

2417 Kenwood Ave., Ft. Wayne 3, Indiana 
trv. M. Cochrane Co. 

408 So. Alvarado St., Los Angeles, California 


NBS DEVELOPMENTS (Continued) 


mation in units called words, each 
word consisting of 37 binary digits, 
the equivalent of 11 decimal digits, 
The magnetic drum has a capacity of 


One of 37 CRT's comprising Williams memory 


4096 words of 37 binary digits each, 
in contrast with the 256-word ca- 
pacity of the CRT memory. This 
high-capacity memory makes possi- 
ble the solution of very large sets of 
simultaneous equations. Access time 
is shortened in two ways: (1) Num- 
bers are transferred in sizable blocks 
from the magnetic drum memory to 
the cathode-ray tube memory, thus 
minimizing the total number of times 
the drum memory must be consulted. 
(2) The numbers in each of these 
blocks are stored sequentially 
around the circumference of the 


Magnetic-drum auxiliary memory added to SWAC 


drum so that one block forms a band 
or channel completely encircling the 
drum. When a transfer to or from 
the drum memory is made, the 
whole channel is handled at one 
time. Transfer of information starts 
immediately after the proper chan- 
nel has been selected and continues 
for exactly one drum revolution thus 
eliminating all waiting time. In this 
way the access time per word is 
reduced to 500 usec—about 40 of 
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the normal access time of a magnetic 
drum memory. 

The CRT memory operates in par- 

allel with the serial magnetic drum 
memory, and the two are not in syn- 
chronism. Direct communication be- 
tween the memories is therefore not 
possible. Information from the drum 
must first be played back into a 
yacuum-tube shifting register and 
then transferred in parallel to the 
cathode-ray tube memory. Each digit 
takes 13 usec to play back, so the 
three empty digit spaces in each 
word give total delay of 39 usec be- 
tween words. This delay is more 
than adequate for transferring a 
number from the register to the CRT 
memory and for clearing the register 
to receive new information. 
- In addition to the drum memory, 
plans call for a slow-speed auxiliary 
memory consisting of a magnetic- 
tape unit. It will have a much larger 
capacity than the other two memo- 
ries, holding approximately 4,000,000 
binary digits, but its average access 
time will be quite long—about 3% 
minutes. 


Microwave Frequency 
(Continued from page 84) 


calibrated. The output of a fre- 
quency modulated local oscillator is 
admitted to the converter crystal 
through a directional coupler, where 
it is mixed with the standard signal. 

The intermediate frequency from 
the converter is fed to a spectrum 
analyzer and the matching sections 
are adjusted for maximum signal 
strength. Attenuators placed on 
either side of the meter to be cali- 
brated are set to 10 db each, which 
effectively isolates the calibrating 
equipment and prevents reactive 
“pulling” of the meter. 

The frequency meter to be cali- 
brated is set to resonance at each 
calibration frequency at least ten 
times. The divergence or spread of 
the readings at a given frequency 
is then a measure of the backlash 
or other mechanical defects of the 
drive and indicating mechanism. 
This spread is included in the cali- 
bration report as the tolerance to 
which the readings are reproducible. 

Although not included in a_nor- 
mal calibration, it is possible to 
measure the cavity temperature co- 
efficient of frequency near room 
temperature and the approximate 
“Q” of the cavity. The temperature 
coefficient is determined by observ- 
ing the shift of resonant frequency 
ata fixed setting of the meter while 
the temperature is changed. Changes 
in cavity are monitored by a ther- 
mocouple junction attached to the 
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If it’s important to keep your 
electronic equipment functioning 
with as brief interruptions 


as possible... 


If even minor testing and 
replacement takes an undue 
amount of time because of the 
nuisance of getting at the 


equipment mechanically .. . 


If you'd like certain components 
to be accessible for on-the-spot 


testing in a matter of seconds... 


... then you ought to investigate 
Grant Industrial Slides. 

The picture below shows how 

a typical model works. And 
write today for our Industrial 
Slide Catalog. Grant Pulley 

and Hardware Corporation, 
31-75 Whitestone Pkwy, Flushing, NY. 


pan | 
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Five seconds to 
put component in 
testing position: 
Slides smoothly 
out of rack, locks. 
Quadrant mech- 
anism permits 
pivoting to work- 


ing angle. 
Functioning of 
unit need not 
be interrupted. 
When desired, 
chassis easily re- 
moved. Loads up 
to 200 pounds. 


Grant Industrial Slides 
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Still doing it the old way? 
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Plug in mounting 
for standard application 
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i i Plug in mounting \ 
i for printed circuits 


Compare these features .. . 


\ \ SU 
S 


. Wide range of impedances to cover all applications 
>* Excellent Stability & High Gain 
* Micrometer core adjustment 


* Compression moulded plastic base for auto radio and other 
high temperature applications 


* Individually tested and visually aligned and preset before 
shipping 


Send us your inquiries for delivery and quotations. Request our 
free catalog and engineering handbook. 


RAYPAR 


ae D 


incorporated 


7800 WEST ADDISON STREET e CHICAGO 34, ILLINOIS 
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NBS DEVELOPMENTS (Continued) 


‘meter. The Q of the cavity is de- 
termined by observing the half. 
power points on the response curve 
of the cavity for a signal which is 
frequency modulated through the 
resonance frequency. 

Because the power of the harmon- 
ics used as standard-frequency sig- 
nals is often as low as 1 microwatt, 
direct detection by means of a crys- 
tal diode and a sensitive current 
meter is usually impractical. In ad- 
dition, the useful power at the de- 
tector is further reduced by a 
nominal insertion loss of 10 db for 
the transmission filter and 10 db each 
for the padding attenuators. The 
power available at the detector is 
then about 0.001 microwatt. There- 
fore, when a frequency meter with 
a built-in crystal detector is to be 
calibrated, a higher power CW os- 
cillator is used and adjusted to the 
frequency of the standard signal. 
Amplification of the beat note be- 
tween the standard signal and a 
small portion of the oscillator out- 
put is sufficiently high to permit the 
adjustment of the oscillator to the 
same frequency as the standard- 
frequency signal. The accompanying 
precision is decreased approximately 
one order of magnitude. The re- 
mainder of the oscillator power is 
sufficient to permit the crystal cur- 
rent from the detector to be moni- 
tored with a microammeter. 


Sensitive Receiver Used 


When the type of calibration is 
such that the standard frequency 
signal can be passed through the 
meter to be calibrated, a sensitive 
receiver is used to detect the signal. 
In the frequency range 300 to 750 
mc a double superheterodyne pan- 
oramic receiver is employed; above 
750 mc a sensitive spectrum ana- 
lyzer detects the signal. 

Direct reading local oscillators of 
the external cavity reflex klystron 
type generate the signals from 750 
to 11,000 mc. Above 11,000 mc, in- 
ternal cavity reflex  klystrons, 
mounted directly on the waveguide 
connecting the meter to the stand- 
ard, provide local oscillator power. 
Because the power of the local 
oscillator is much greater than that 
of the standard signal, the height of 
the pulse displayed is directly pro- 
portional to the power of the stand- 
ard signal. The frequency meter 
being calibrated is tuned to reso- 
nance by observing the relative 
pulse height‘ on the cathode ray 
tube of the analyzer. Voltage gains 
of 160 db are possible with the spec- 
trum analyzer, which can then de- 
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tect microwave signals as low as 0.1 
micro-microwatts, 


Fee Schedule 


The fee schedule for NBS calibra- 
tion of microwave frequency equip- 
ment is as follows: $33.00 to $42.00 
for the first frequency calibration 
point, and $5.00 to $8.00 for each ad- 
ditional frequency calibration point 
depending on the type of secondary 
standard. More complete informa- 
tion may be obtained from NBS 
Circular 483, for sale by the Super- 
intendent of Documents, U. S. Gov- 
ernment Printing Office, Washing- 
ton 25, D. C. (price 25¢) 


Mobile Field Units 
Check Interference 


The problem of radio interference 
sometimes caused by industrial high 
frequency equipment is being han- 
dled at Thermatron Div., Radio Re- 
ceptor Co., with the aid of uniquely 
equipped station wagons designed 
for mobility and speed. The test in- 


struments in the vehicles are capable 
of making precise field measure- 
ments to determine compliance with 
Section 18 of F.C.C. regulations. The 
units are easily handled by two-man 
crews. 

The cars have two antennas 
mounted on the top and two sets of 
instrumentation behind the driver’s 
seat that cover the range from 15 mc 
to 300 mc. In order to allow the car 
to travel on all roads and without 
structural interference the low fre- 
quency antenna is an adjustable 
dipole mounted on a retractable 
mast. When in use, the mast is swung 
into vertical position. Controls at the 
base of the mast permit remote ad- 
justment of azimuth and the plane 
of polarization. When not in use the 
mast is swung easily into horizontal 
position permitting the vehicle to 
travel. There is a two-way radio- 
telephone link between the field car 
and plant. 


to the 
ELECTRICAL 
ENGINEER 


or 


with experience in 
RADAR 


or 


ELECTRONICS 


PHYSICIST ! 


Hughes Research and Develop- 
ment Laboratories, one of the 
nation’s leading electronics 
organizations, are now creating 
a number of new openings in 
an important phase of their 
operations. 


Here is what one of these positions offers you: 


THE COMPANY 


Hughes Research and De- 
velopment Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the: development and 
production of advanced 
radar systems, electronic 
computers and guided 
missiles. 


THE NEW OPENINGS 


The positions are for men 
who will serve as technical 
advisors to government 
agencies and companies 
purchasing Hughes equip- 
ment—also as technical con- 
sultants with engineers of 
other companies working 
on associated equipment. 
Your specific job would be 
essentially to help insure 
successful operation of 
Hughes equipment in the 
field. 


HUGHES 


RESEARCH AND 


DEVELOPMENT LABORATORIES 


THE TRAINING 


On joining our organiza- 
tion, you will work in the 
Laboratories for several 
months to become thor- 
oughly familiar with the 
equipment which you will 
later help users to under- 
stand and properly employ. 
If you have already had 
radar or electronics experi- 
ence, you will find this 
knowledge helpful in your 
new work. 


WHERE YOU WORK 


After your period of train- 
ing—at full pay—you may 
(1) remain with the Labor- 
atories in Southern Califor- 
nia in an instructive or 
administrative capacity, (2) 
become the Hughes repre- 
sentative at a company 
where our equipment is be- 
ing installed, or (3) be the 


Hughes representative at a 
military base in this coun- 
try or overseas (single men 
only). Compensation is 
made for traveling and 
moving household effects, 
and married men keep their 
families with them at all 
times. 


YOUR FUTURE 


In one of these positions 
you will gain all-around ex- 
perience that will increase 
your value to our organiza- 
tion as it further expands in 
the field of electronics. The 
next few years are certain to 
see large-scale commercial 
employment of electronic 
systems. Your training in 
and familiarity with the 
most advanced electronic 
techniques now will qualify 
you for even more impor- 
tant future positions. 


How to apply: 
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If you are under thirty-five 
years of age, and if you have 

an E.E. or Physics degree, 

write to the Laboratories, giving 
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Scientific and Engineering Staff 
Culver City, 
Los Angeles County, California 


resumé of your experience. 


Assurance is required that 

relocation of the applicant 
will not cause disruption of 

an urgent*military project. 
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non-linear 
function 


Cc-200 


external phasing 
potentiometer 


Logarithmic, sine-cosine and 
other shape functions 
Multiple, adjustable taps 
Unitized design for universal 
coupling 
@ Precision machined aluminum 
housing 
@ Servo or single hole mounting 
For further information write © 
DeJUR-Amsco Corporation, Dept. 


TP-11,45-01 Northern Blvd., Long 
Island City 1, N.Y. 


YOU'RE SURE WITH E 


POTENTIOMETERS * CONNECTORS + METERS 
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NORTHERN BLVD j rn . 


NBS DEVELOPMENTS (Continued) 


“Obstacle Gain” 

(Continued from page 85) 
deciding influence on the future 
choice of sites for transmitting and 
booster station installations. For ex- 
ample, in a region of the country 
like Colorado, it may prove more 
advantageous to locate FM and TV 
stations at lower elevations a short 
distance out on the plains away 
from the mountains. rather than on 
the foothills right up against the 
very high mountains of the conti- 
nental divide. 

Radio waves transmitted over the 
theoretical smooth spherical earth 
are considered to arrive at points 
within the radio horizon by virtue 
of a normal diffraction process and 
by scattering from the turbulent at- 
mosphere. The turbulence, which is 
greatest near the earth’s surface 
and decreases with increasing height 
into the upper atmosphere, is also 
considered responsible for the rela- 
tively weak and fading signals nor- 
mally observed at distances well be- 
yond the horizon. The obstacle gains 
associated with a properly situated 
knife-edge ridge have been found 
to be large enough to reduce the 
transmission loss accompanying the 
reception of these signals beyond 
the horizon, thereby effectively 
eliminating the fading associated 
with the atmospheric scattering 
process. 

A mountainous obstacle extend- 
ing well above both the transmitting 
and receiving antennas requires the 
radio waves to pass through the 
most turbulent and disturbing re- 
gions of the atmosphere at relatively 
high grazing angles. With these large 
grazing angles, the amount of en- 
ergy, received from the highly 
turbulent regions in the screened 
lower portion of the atmosphere is 
effectively eliminated and so, in 
turn, is most of the tropospheric 
fading which normally exists on a 
non-obstructed path. 

Preliminary studies of obstacle 
gain, the ratio of signal power with 
an obstacle in the path to that with- 
out it showed that a considerable 
increase in received signal strength 
should result when a large knife- 
edge obstacle is located at the 

. midpoint of the transmission path. 

A requirement of the obstacle- 
gain method for increasing signal 
strength is that the height of the 
obstruction must be greater than 
the elevation of the common hori- 
zon. For example, transmission 


ON , losses will be considerably reduced 


at 100 mc if the obstacle knife-edge 
for a 150-mile circuit is at the mid 
point of the path and about 1300 feet 
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above the surrounding terrain. The- 
oretically, a 30 db decreases in trans- 
mission loss results. The amount of 
reduction in transmission loss can 
be varied by different combinations 
of antenna heights, obstacle heights, 
and: frequency. ° 

One of the obstacle-gain experi- 
mental paths examined in detail was 
a 38-mc, 160-mile communication 
circuit between Yakutat and Gusta- 
vous, Alaska, operated by the CAA. 
The radio wave transmissions, which 
originated from and terminated at 
low-level installations (approxi- 
mately 200 feet above sea level), 
passed over a 9000-foot ridge of Mt. 
Fairweather. On the basis of the 
existing smooth-earth diffraction 
theory for an unobstructed path, the 
calculated transmission loss for the 
circuit is 207 db. With obstacle-gain 
theory, however, and the. assump- 
tion that Mt. Fairweather acts as a 
single 8775-foot knife edge, the ex- 
pected transmission loss should be 
only 127 db. The experimental re- 
sults showed the transmission loss 
was approximately 134 db, within 7 
db of the value predicted by the 
knife-edge calculations. The trans- 
mission losses (127 and 134 db) cor- 
respond to a calculated obstacle 
gain of 80 db and a measured gain 
of 73 db, respectively, greater than 
the field strength normally expected 
when considering radio transmission 
over a smooth spherical earth. 


Intermetallic Compounds 
(Continued from page 86) 


combinations with proper energy to 
yield the desired semiconductor 
characteristics. 

NBS research on single crystals is 
aimed at the preparation of junc- 
tion-type diodes and triodes, par- 
ticularly the p-n junction diode— 
conduction first by holdes and then 
electrons. The performance of these 
devices, especially in regard to their 
power handling ability, is markedly 
superior to point contact units. In 
addition, the theory and practice, 
especially for diodes, is well under- 
stood. It is to be hoped that the im- 
proved ease of handling GaSb over 
Si will permit the preparation of a 
good high-temperature diode and 
eventually n-p-n transistors, al- 
though this last stage may be diffi- 
cult. 

From a purely practical stand- 
point, the most important feature of 
the research program is the investi- 
gation of materials with equal: or 
higher charge carrier mobilities than 
germanium. 
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QUALITY PRODUCTS 


...for top performance! 


ZY 


Preformed Contact Finger Stock 
is an ideal electrical weather 
stripping around doors of equip- 
ment cabinets as well as bein 
excellent for use with VHF an 
UHF circuitry. Silver plated, it 
comes in three widths—}4, 3} 
and 1,4 inches. 


Variable vacuum capacitors come 
in three models, are lightweight, 
compact, eliminate the effects of 
dust and atmospheric conditions 
and have low inductance. Also 
available are eight types of fixed 
vacuum capacitors. 

Air-system sockets, designed for 
Eimac tube types 4-400A, 
4-1000A, 4X150A, and 4X150D, 
simplify cooling and assure ade- 
quate air-flow to various seals. 
The 4-400A socket can also be 
used with the 4-125A and 4-250A 


© For further information write our Application Engineering department 


radial-beam power tetrodes if 
desired. 


HR heat dissipating connectors 
provide efficient heat transfer 
from the tube element and glass 
seal to the air while making elec- 
trical connections to plate and 
grid terminals. Precision ma- 
chined from dural rod, HR con- 
nectors come in ten sizes to fit 
most of Eimac’s internal anode 
tubes. 


High Vacuum Rectifiers come in 
eight models, are instant heating, 
have radiation-cooled pyrovac* 
plates and can be operated in a : 
variety of rectifying and volta 
multiplying circuits. Also avail- 
able are four types of mercury- 
vapor rectifiers. 


* An Eimac trade name. 
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GOP i PaO! 


take the 1 
MISS 


out of 


GUIDED MISSILES 


the problem « The electronic brain which guides a guided missile 
is as delicate as it is complicated. One of the major problems, 
therefore, which faced missile engineers was how to protect this 
sensitive mechanism from the violent shock and vibration set up 
by the missile at take-off and in flight. 


the solution: since conventional types of shock-mountings 
proved to be inadequate, Robinson engineers were called in to 
find a solution. After careful study and intensive laboratory 
work, Robinson developed a special multi-directional mounting 
that reduced vibration and shock to such a marked degree that 
the missile’s guidance system was free-floating and thus 
dependable. Today, these mountings are in quantity produc- 


tion at the Robinson factories . . 


the rockets! 


. and reliability now rides 


Do you have a problem 
in Vibration Control? 


This same engineering know-how and 
skill can be put to work on your vibra- 
tion-control problem . . . whether it 
involves precision instruments, elec- 
tronic or television equipment, air- 
craft, motor vehicles, home appliances, 
or machinery of any size or weight. 


Robinson Engineered Mounting Sys- 
tems are built to outlast the equipment 
to which they are applied. Unlike old- 
fashioned rubber mountings, Robinson 
Met-L-Flex* mountings are impervious 
to age, oil, bacteria, water, dust, dirt 


or temperature extremes. They are 
permanently damped; cannot pack 
down or wear out; maintain full effi- 
ciency for their entire lifetime. 

Some vibration problems can readily 
be solved by standard Robinson 
mounts. Others require special systems 
to meet unusual conditions. 


A letter or telegram will bring a 
Robinson engineer to analyse your par- 
ticular problem and suggest a solution, 
at no obligation to you. Write or wire 
us immediately, attention of Dept. TT$. 


*Mst-L-Fuex is the copyrighted designation for the all-metal resilient cushions developed and pioneered by Robinson. 


ROBINSON AVIATION INC. 


TERBORO 


E RSEY 


NTSC Test 


and Demonstration Facilities 


Showing to FCC in New York on 
Oct. 15, 1953. See related text on 
page 12, this issue. 
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STUDIO DEMONSTRATION 
(RCA-NBC) 
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Microwave Directory 
(Continued from page 77) 


New London Instrument Co., New London, Conn., J. M. 
iil, 28451, wy Street, Moorestown 
Co,, 3 @ ain Stree’ re . 

wale ) Prods ok nee mee ‘own 9-0877, Wave- 
ae, Microwave Assembiles 
Engineering Co., 4601 W. Addison St., 

op Neukireh, $Pring 7 


41, Wi. Fran 7-2970, 
al hn ly Radar Components 
Panoramle Radio Products, Inc., 10 South Second Ave., 


Mount Vernon, WN.Y., Bernard Schlessel, tdount Vernon 
4-3 pind a ye Analyzers 
3901 West 54th St., Los Angeles 43, 
th lif., sgn) "ens, AX 2-8313, Radar Parts 
ayn -Dodge Copper Prods. 


Corp., Styroflex Div., 40 
all St., New York 5, W.Y., F. W. 


Lemly,. WH 
t 3370. Coaxial Cable 
Phileo Government & Industrial Div., 4700 Wis- 
a Mg “Ave., Philadelphia 44, Pa., K. C. Moritz, 
erg ‘Elostronles. (i Wier, Spt Ave... Brook- 
poly Electronics “iy 2 ropolitan 1 
11, N.Y., E. L. Honoch, STagg 2-3464, Microwave 


a colvers 
4nle Research & Development Co., 55 Johnson St., 
ye poekiye 1 c. Nelson, ULster 2-6800, 
os Test | eae iid aula en oe 
| eg a orp. @ ouston St., New 
rvork 12, K Greenberg, Gramerey 5-3520, 
Waveguide } A, 


Press Wireless Laboratories, 25 Prospect Place, West 
Newton 65, Moss., WN. F. Hoard, LAsell "7-560, 
sererane Ton ertoment Ity Prod. - P.0. B 

Presto Re ng Corp pecla 0x 
500, Paramus, N.J., Diamond 3-5700, .'B. Aldrich, 
Microwave Frequency Standards 

Prodelin. tnc., 307 Bergen Ave., Kearny, W.J., J. F. 
Cosnrove, KEarny 2-8600, Coax Lines, Waveguide, 
Antenna Towers 

Radi-tion tnc., Melbourne, Fla., W. W. Dodgson, Jr., 

, Signal Generators 

Radlo ‘Corp. of America, RCA Victor Div., Bldg. P 
Camden. WN.J.. C. Dubols, Woodlawn 3-800, Micro- 
wave Relay Systems 

Radio Corn. of America, RCA Victor Div., Harrison, W.J., 


Fred Banko, HU 5-3900, Moanetrons, Penell Type 
Triodes, UHF & Microwave Vacuum Tw 
36-40 37th St., Long Island 


Radio Enotawrine im. 
City 1. W.Y., ST 6-2100, Joseph Behr, Commaniea- 
tlon dane” 

Radio Frequency Labs., Inc., Butler Road, Boonton, N.J 
R. W. Seabury, Jr., BO 8-3100, Standords Enulpment 

Raytheon Mfa. Co.. 138 River St.. Waltham 54, Mass., 

altham 5-5860, Micrawove Relay Link, Microwave 
Xmission Link, Radar, Tubes 

Remler - Ltd.. 2101 Rryent St., San Franelseo 10. 
Callf.. R. Oglivie. VA 4-3435, Microwave Equ'!pment 

Resdel Entineninn 2309 Riverside Drive, Los Angeles 39. 
Collf. E. Osborne, OL 2955. Microwave Equipment 

Sanders  eadpes tnc., 137 Cnet St., Nashua, W.H., 
H. W. Pops. 5570, Custom Radar 

State Mtn. Co.. Carl W.. 80 E. Montauk Hwy., Linden- 

harst. N.Y., Lindenhurst 5-2290, Radar Components, 
Waveguides 


Selector Ew ag tne., 401 E. 138th St., New York 
City, W. E. Thompson, M0 5-4600, Waveguides 

Sierra Electronic Coro., 1050 Britten Ava., San Carlos 
Calif, T. F. Turner, LYtell 3-2104, Directional 
Couplers, Reflection Coefficient Meter 

Sightmaster of Callfornia Co.. Gillesple Alroort, Santee, 
Callf., Samucl Freedman, Hilldale 4-7661, Microwave 
Calorimeters, Wevenuides 

Southern Electric and Transmission, 3127 Holmes St., 
HA 7131, Dallas, Texas, Microwave Eaulpment 

Speela Assembling & Packing Co., 79 Clifton Place, 
— yn, W.Y., M. Cammer, UL-7-4760, Radar Re- 


a | Gyrsgoene Ce Co., Div., The Corp., Great —_, 
Henderson, +i jeldstone 7-3600, 
Enu'pment. Riystron ‘Pre ducts 
“~_ tne., Third St., North Wales, Pa., L. Guze- 
Syivenia coat Products Ine., Woburn, Mass., E. H. 
cite Tubes. re ATR, Magnetrons, Rocket Tubes, 


C oe 
Technicraft Laboratories. Thomaston-Waterbery Rd., Thom- 
aston, Conn., G. R. Houk, Woveguldes 
Veechreme, Ine. - ss "Merrick Rd., s vAmityvitle, Lf, 
R. Clark, AMityville 4-4446, Microwave. Helse 


Gs ener: 

Telemarine Communications Co., 3040 W. 2ist St., 
Brooklyn, N.Y Bernsley, Microwave Equipment 
Telescreen -» 36 Grove St., New Canaan, Conn., 
W. L. Norvell, New Canaan 9-9553, Radar Beacons 
Telewave Laboratories, 1 ne., 100 Metropolitan Ave., Brook- 
ye. W.Y., E. L. Henich, ST 2- » Components for 

lerowaves 
Terpening Co., L. 16 W. Gist St., New York, N.Y., 
Sea Tein. cl 6-4760, 
Thompson Products » 2196 Clarkwood Rd., Cleveland 
» Poni, We Weiltniiee HE 1-6765, Microwave 
‘omponents, Corxial Switches 
Titeflex, Ine., 500 eg wr 9 =. 3 Newark 5, N.J. 
uides 


, Mass., 


Tower Construction Co., 1923 Geneva St., Sioux City, 
ste M. WN. Lasensky, 5-6761, Microwave Towers, 


Wea Television Co., 1001 First Ave., Ashury Park, N.J.. 
Edwards, Asbury Park 2-7445, Attenuators, SWR 
tadeten 
Transitron =. 154 Spring 
S. K. Lackoff, WOrth 


T hn itter 
ransm & i t M 
Brooklyn " wv. M. og _ Transmitters 


wio'w eKinney Ave., Houston 2, 
Texas, J. D. Tritech, ATwood 9351, Microwave Towers 


St., New York 12 
"4. 8739, Microwave. sisnai 


Co., Inc., 35 i, Reereen St., 


5 Union St.. m, Mass., 8. P. 
Grant, ly 8-9379, Ce-axial Senter 


Something Special ore ; 
ROTARY 
SWITCHES 


* Single deck, single pole, 
36 or 60 positions 


* Easily Gange 

* Large Current Capacity 
* Non-Shorting with Detent 
* Isolated Shaft 

* Four Point Mounting 


Here’s the answer to complicated range or cir- 
cuit switching problems in high quality test 
equipment or/experimental apparatus. 


A number of these single deck switches may be 
gangedto provide additional poles. Both switches 
have a special detent which also provides the 
non- -shofting action. The rotor arm is actually 
lifted é it moves from one contact to the next. 
This Shallcross design provides more usable 
contacts in less space than conventional non- 
ting switches. Write for prices and drawings. 
licross Manufacturing Co., 518 Pusey Ave., 
ollingdale, Penna. 


SPECIFICATIONS 


Types 10061-S (60 pos.) and 10054-S (36 pos.) 
Shaft Extension: 1" beyond spacers 

Size: 4%" sq. x L”A"d. 

Insulation: Phenolic. Isolated shaft. 

Avge. Contact Resistance: 0.006 ohms max. 


Type #10061-S #10054-S 
Voltage Breakdown: 1500 v. 2500 v. 
Current Capacities 
Carrying— 30. amps. 40 amps. 
Breaking— | 2 amps. at | 3 amps. at 
110 v. a-c 110 v. a-c 


halleross 


with WORKSHOP 
Microwave Antennas 


Recent installations of Work- 
shop Microwave Antennas 

have replaced hundreds of 
telephone lines and several 
coaxial cables. Railroads, oil 
companies, and broadcast 
stations report remarkable 
savings in installation, operation, 
and maintenance costs. 


REFLECTORS—Precision-formed aluminum 
and laminated fiberglas reflectors. 
MOUNTINGS—Popular 3- or 4-point 
mounts can be supplied with all antennas. 
R. F. COMPONENTS—Precision machined 
and heavily silver plated, expertly de- 
signed by the Gabriel Laboratories. 
ELECTRICAL DATA=A series of elabo- 
rate measurements of both pattern and 
impedance are made on production units 
to assure adherence to specifications. 
VSWR measurements across the band are 
furnished with each antenna. 
POLARIZATION—Either vertical or hori- 
zontal polarization can be obtained by a 
simple adjustment at the rear of the reflector. 
MODELS—Workshop can supply micro- 
wave antennas covering the 940, 2000 
and 7000 megacycle bands. A wide range 
of antenna sizes and feed types are avail- 


able. For further information write, or 
phone Norwood 7-3300. 


WORKSHOP ASSOCIATES DIVISION 
THE GABRIEL COMPANY 


ENDICOTT STREET NORWOOD, MASS, 


Other 
WORKSHOP 
Products 


UHF Transmitting An- 
tennas—For UHF tele- 
vision broadcasting—new 
cosecant antenna. 

Beacon Antennas—For 
fire, police, taxicab, and 
private fleet communica- 
tions. 


Parabolic Refiectors— 
Over 50 different re- 
flector -sizes and focal 
lengths. 


MICROWAVE DIRECTORY (Continued) 


Truscon Steel Div., Republic Steel Corp., Albert St., 
Youngstow L, Ohio, G. F. Bateson Sr., Riverside 
6-7211, Microwave Towers 

Up-Right, Inc., 1013 Pardee St., Berkeley, Calif., Towers 

U. S$. Components, Inc., 454 E. 148th St., New York 
55, N.Y., B. A. Jackson, CY 2-6525, Microwave Com. 
ponents 

U. S. Tower, Union Trust Bidg., Petersburg, Va. 

Universal Mfg. Co., Microweve Div., 410 Hillside Ave., 
Hillside, N.J., W. J. Dolan, Waverly 6-4141, Wave- 
guides, Microwave Cemponents 

Varian Associates, 611 Hansen Way, Palo Alto, Callf., 
W. M. Silhavy, DAvenport 5-5631, Microwave Tubes, 
Klystrons 

Veetron, Inc., 400 Main St., Waltham, Mass., Stuart 
Gibson, WAltham 5-8700, Spectrum Analyzers 

Waveline, Inc., Possa'c Ave., Caldwell Township, N.J., 
R. H. Koenig, CAldwell 6-5785, Microwave Instruments 

Weinschel Eng. & Mfg. Co., 10513 Metropolitan Ave., 
Kensington, Md., B. 0. Weinschel, Attenuators 

Western a 140 W. 22 St., Kearny, Nebr., Miecro- 
wave Equipment 

Westinghouse Electric Corp., 2519 Wilkens Ave., Balti- 
more 3, Md., C. L. Suhrstedt, EDmundson 6-2300, 
Microwave Relay Links 

Westinghouse Electric Corp., Box 284, Elmira, N.Y., 
Joseph Schlig, Microwave Tubes 

Weston Electrical Instrument Corp., 614 Frelinghuysen 
Ave., Newark, N.J., E. Higgins, BI 3-4700, Instruments 

Weymouth Instrument Co., 1440 Commercial St., E. 

eymouth 89, Mass., R. L. Tedesco, WE 9-2404, 
Microwave Equipment 

Wheeler Laboratories, 122 Cutter Mill Rd., Great Neck, 
N.Y., David Dettinger, Great Neck 2-7806, Custom 
Microwave Components ? 

White & Son, James L., 374 Verona Ave., Newark, N.J., 
James White, HU 2-3727, Coaxial Antennas 

Wincharger Corp., E. 7th & Division Sts., Sioux City, 
lowa, J. V. Holmes, Towers 

Wind Turbine Co., E. Market St., W. Chester, Pa., 
D. B. Oat, Power Plants 

Workshop Associates Div., Gabriel Co., Endicott St., 
Norwood, Mass., C. R. Lane, NOrwood 7-3300, Micro- 
wave Antennas 


CBS TV Tube 


(Continued from page 73) 


by the deflection angle employed in 
the tube so as to overcome the con- 
vergence effect at the raster edges. 
When mounted the mask is spaced 
approximately 0.4 in. from the tube 
face-plate on which the phosphor 
triads have been deposited. In this 


-construction no stretching of the 


mask is required and the mask it- 
self, containing 250,000 holes each 
0.009-in. in diameter, is fabricated 
using well-known metal stamping 
techniques. 

In the planer color mask tube the 
three color phosphor triads are de- 
posited on the planar glass plate 
by a silk screen process. In the 
Colortron a photoengraving tech- 
nique is employed and the color 
triads are deposited directly on the 
face-plate of the tube rather than on 
a separate glass plate. In manufac- 
ture the first color phosphor is laid 
down on the tube face-plate. Then 
the color mask is inserted and the 
photosensitive phosphor emulsion is 
exposed to light which emanates 
from the position that one of the 
three electron guns will take in 
final assembly. The color mask is re- 
moved and the phosphor surface is 
then “developed.” The complete 
process is repeated for each of the 
other two colors. ; 

The 15-in. Colortrons demon- 
strated on a closed TV circuit using 


(Continued. on page 165) 
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Servo Design 
(Continued from page 76) 


outputs of the intelligence device 
should be superimposed on the com- 
mands. Any of these combinations 
will prove more realistic than the 


sinusoidal frequencies assumed in | 


the first analysis. 

.From the data of these computer 
runs we can determine a gain set- 
ting or gain program for the servo 
that will yield the required stability 
and accuracy over the entire flight. 
In addition, we obtain the value of 
the largest time constant which can 
be allowed the servo without ad- 
versely affecting overall perform- 
ance. These figures comprise a set 
of specifications for the servo design 
which greatly influence the choice 
of hardware. However, the specifica- 
tions are set up on the basis of an 
ideal linear system. The adverse or 
beneficial results of non-linearities 
in the real system are yet to be 
found. 

In order to make final choice of 
the servo hardware, we must con- 
sider the power requirements. The 
peak power needed to move the 
controls determines the rating of 
the actuator and often its generic 
type, while the average power influ- 
ences the nature of the power 
source. To determine the peak 
power we must know the velocity 
and acceleration of the control sur- 
faces and the moments opposing 
this motion. The control surface 
motion can be determined from the 
analog. computer records. The oppos- 
ing moments are due to the inertia, 
friction and damping, and to the 
aerodynamic hinge moment, which 
can be computed from the control 
surface design. 


Hinge Moment 


The hinge moment is nominally 
considered to be a linear function of 
control surface position for a given 
Mach number, although it may often 
deviate very much from this simple 
relationship, both by deliberate de- 
sign and through influence of the 
airframe angle of attack. At this 
point, there exists a good opportu- 
nity for the flight control servo de- 
sign to feed back into the aero- 
dynamic design. If the hinge 
moments or inertias appear out of 
line, a substantial saving in servo 
power or weight can be obtained by 
redesigning the control surfaces. 

It must be noted that the relation 
between hinge moment and control 
deflection, even when linear, varies 
Widely with flight Mach number. 
Hence during a given flight, it may 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


MOTOR-DRIVEN 
INDUCTION GENERATOR, 
GEAR TRAIN & SYNCHRO 
COMBINATIONS 


SERVO AMPLIFIERS 


Transicoil servo systems feature integrated 
design—every component is made to match 
all the others . . . coordinated to insure 
maximum efficiency and top performance. 


MOTOR-DRIVEN ; 


INDUCTION GENERATORS For systems of your own design, Transicoil 


can supply precision components de- 
signed to meet your requirements . . . their 
effectiveness limited only by the restrictions 
you impose. 


PLUG-IN ASSEMBLIES OF 
CONTROL MOTOR, GEAR 
TRAIN, POTENTIOMETER & 
SYNCHRO 


Complete data will be sent on request. 


. MINIATURE CONTROL 
ay” «= MOTORS 


TRANSICOIL 


CORPORATION io. vouis nN. 


New York 13, N. Y. 
Engineering-Sales Representatives in: 


Boston, Mass. ® Buffalo, N. Y. * Chicago, Ill. * Cleveland, Ohio * Dallas, Tex. 

Kansas City, Mo. * los Angeles, Calif. © Minneapolis, Minn. * Netcong, N. J. 

Philadelphia, Pa. * Phoenix, Ariz. ®* San Francisco, Calif. * Seattle, Wash. 
Syracuse, ©. Y. © Washington, D, C. 
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16mm SOUND-ON-FILM EQUIPMENT FOR TELEVISION NEWSREELS, : 
TV FILM INSERTS AND KINESCOPE RECORDINGS...SOLD WITH & 
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SERVO DESIGN (Continued) 


become zero or even negative—that 
is, it may tend to increase rather 
than decrease the control deflection, 
However, in estimating the peak 
power, we are interested only in the 
region where its product with con- 
trol surface velocity is at a maxi- 
mum, 

Having investigated the peak 
power, we can often specify not only 
the kind of actuator, but its size and 
the size of all elements directly han- 
dling the output, such as bellcranks, 
gears, or torque tubes. 

With the peak power specified, the 
average power and time of flight to- 
gether determine the size and 
weight of the power source and 
power generating elements, for ex- 
ample, the batteries, hydraulic or 
pneumatic accumulators, and pumps, 
The average power will, of course, 
vary with each flight. It is almost 
impossible to determine with high 
accuracy without a complete pro- 
gram of flight simulation, or experi- 
ence with actual flight of similar 
airframes. However, it is possible to 
make a close guess by estimating 
the power for a typical maneuver 
from the computer analysis, esti- 
mating the frequency of the maneu- 
vers by reference to the mission of 
the airframe, and multiplying the 
resulting average power by a suit- 
able safety factor. In the final de- 
sign, these estimates must be 
checked and rechecked by flight 
stimulation or by flight test. 


Choosing Types 


Armed with the estimate of peak’ 


power, average power, time con- 
stant, and loop gain, the designer is 
in a position to choose between the 
various types of servomechanisms 
for the flight control. The types in 
general use include hydraulic, pneu- 
matic and electrical, either motor or 
clutch. Each may be used in con- 
junction with magnetic or conven- 
tional electronic amplifiers. For the 
range of frequencies and power re- 
quired in the average high perform- 
ance missile or aircraft a hydraulic 
servo will often prove to be most 
suitable. Although there are some 
difficulties associated with hydraulic 
equipment, they have many advan- 
tages over electrical actuators— 
primarily in their frequency re- 
sponse and acceleration capabilities. 
A hydraulic system also has the ad- 
vantage that less power is required 
to sustain a large hinge moment. 
They are preferred over pneumatic 
systems owing to the time lags and 
elastance of the latter. Present-day 
hydraulic servo-motors.of high per- 
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formance are much reduced in size 
over earlier designs, thus increasing 
their usefulness in aircraft. A typi- 
cal example, shown in Fig, 3, is the 
unit made by Midwest Geophysical 
Lab., Tulsa, Okla. 

The final choice is made not only 
on the factors mentioned, but on 
such additional considerations as 
availability of transducers in the 
power ranges desired, and avail- 
ability of prime power from other 
sources. For example, a missile con- 


taining a great deal of electrical 


equipment may influence choice of 
an electrical system, while the 
availability of a source of high- 
pressure gas may tend to suggest a 
pneumatic system. 


Laboratory Model 


At this point, sufficient informa- 
tion is available to choose detailed 
components and to construct a lab- 
oratory model of the flight control 
servo. The mechanical model will 
include many time lags and non- 
linearities which were not consid- 
ered in the analytical work. For this 
reason, a fairly lengthy program of 
compensation is required to com- 
plete the second-order design of the 
servo amplifier or controller. The 
method used is a step-by-step in- 
vestigation of servo and airframe 
stability for many points on the 
flight path. The completed servo 
model is provided with spring and 
inertia loads simulating the real 
control surface reaction forces and 
its output shaft coupled electrically 
to the computer analog of the air- 
frame. Using a flexible breadboard 
model of the amplifier, such as that 
shown in Fig. 4, the compensation 
can proceed under simulated flight 
conditions, utilizing step-function 
inputs as a test. In general, an at- 
tempt is made to find gain settings 
and compensation networks giving 
the necessary airframe response 
without incurring instabilities or ex- 
ceeding certain overshoot criteria. 
When the design is considered com- 


plete, final tests are conducted with - 


the flyable configuration of the servo 
amplifier, which as in Fig. 5, may 
differ considerably in size, shape, 
and complexity from the simple 
breadboard model. 


With a more refined computer set- 


up it is possible to achieve a better 


design by taking advantage of a dif-'’ 


ferent concept of stability. If the 
coefficients of the kinematic and 
aerodynamic equations are suitably 
mechanized in the computer so as to 
vary automatically with the chang- 
ing geometry and flight conditions, 
it is possible to duplicate realisti- 
cally and in real time the entire 


Hammarlund’s Newest ... 


A modern Communications Receiver 


With Complete New Tube Line-up 


Including separate oscillator and mixer! 


THE HQ-140-X 


For those who appreciate 
Professional Standards 


The “HQ-140-X” is a new superheterodyne receiver that incorporates all the 
advantages of modern professional design and circuitry. In addition, all the 
outstanding features that have made Hammarlund “HQ’s” famous for qual- 
ity and performance have been retained. 


It is ideally designed for either professional or amateur use. Frequency cov- 
erage is continuously tunable from 540 Kc to 31 Mc (555 to 9.7 meters) in 
six bands with selectivity that makes it possible to read the desired signal 
when the band is extremely congested. 


IMPROVED DESIGN 


The special patented Hammarlund crystal filter (the same one that's in the 
“SP-600”) provides extreme selectivity for the high attenuation of closely 
adjacent interfering signals. Improved sensitivity, stability and image ratio 
are featured in this receiver. 


Band-spread tuning is available on the four higher frequency ranges, with 
direct calibration for the 80, 40, 20, 15, and 10 meter amateur bands. 


MODERN FEATURES 


Use of a separate mixer (6BEG) and oscillator (6C4) contribute to the 
high degree of oscillator stability. GBAG’s are used for the RF amplifier and 
for all three stages of IF amplification for maximum efficiency. 


Large, comfortable and conveniently positioned controls, in addition to the 
many other outstanding features, make it a truly professional type receiver, 
the ideal instrument for operating in today’s crowded shortwave bands. 


For Detailed Information Write For Bulletin H 2. 
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INDEXING TURNTABLES OF EVERY DESCRIPTION 


Eisler is considered a pioneer of indexing mechanisms. Has designed 
and built turntables for over 50 years. Eisler catalog shows more than 
300 models. Indexing range from 1 to 4000 RPM. Eisler indexing turn- 
tables have been adapted as standard for over 38 years by some of the 
largest firms in the U.S.A. Use Eisler indexing machines as the basis and 
you can add parts for your own production. Hundreds of Eisler index- 
ing machines are in daily use all over the world. New catalogs: TV 
Tube Repairing Catalog #TV-RN-53; Glass Lathe Catalog +103-53; 
Electric Oven Catalog #+85-53; ask for Special Cam Catalog +52-CN. 
Let us make your special cams and drivés. 
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Ask for Eisler's latest turntable catalog | 
#88-TT-53. Over 500 illustrations. The only 
catalog of its kind. 
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ely Electrically Controlled. x 
ELECTRICAL EQUIPMENT ON EISLER'S INDEXING TURNTABLES 
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1. Geneva gear. 

2. Geneva driver. 

C. Timer coms. 

B. Micro switch, | 

EC. Elec. clutch. | 
Variable drive. 
Reducer. 
Contactor. 


ene 
+ = Ne.88-72-TT 
Dr. Charles Eisler, M. E., Pres. 


Eisler Engineering Co., Inc. 
Newark 3, New Jersey, U. S. A. 


FIRST 
IN A GREAT NEW SERIES 


“INDUSTRIAL 
APPLICATIONS OF 
ELECTRONIC 
EQUIPMENT 

IN THE 
AUTOMOTIVE 
INDUSTRY” 


CALDWELL-CLEMENTS, INC. 
480 Lexington Avenue New York City 17 
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This deep-probing, carefully re- l 

searched report on the role played j 

by electronic equipment in the gi- | 

gantic automotive industry is the } 

first and only one of its kind ever | 
made. To help you sell this new 

market, additional copies of January ! 

TELE-TECH will go to all automotive ! 

and accessory man- | 

ufucturers. Reserve | 

space now! i 
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CORE MATERIALS (Continued) 


controlled flight. It may be found 
that some combinations of servo 
parameters which apparently lead 
to instability or to inaccurate steer- 
ing in the step-by-step analysis, 
now give satisfactory performance, 
With a higher degree of realism in 
the simulation, we may find it pos- 
sible to achieve the desired results 
with cheaper or lighter components, 
even though arbitrary stability tests 
proved them unsuitable. 

A typical example of such a com- 
plex analog computer set-up, in 
which the missile flight can be simu- 
lated is shown in Fig. 6 (photo 
courtesy of Reeves Instrument Co.). 
In this laboratory set-up, which 
represents a portion of Project 
“Cyclone,” realism is carried to the 
extent that an entire missile can be 
tested intact, so that even the effects 
of signal lead lengths and cross- 
coupling on dynamic performance 
can be observed and measured. 
Thus, the whole missile system can 
be tested as an entity. 

We have attempted to show how 
in each stage of the flight control 
servo design from its inception and 
specification to the detailed com- 
pensation of the components, sys- 
tems  considerations—aerodynamic 
and mechanical—are of equal im- 
portance to the electronic aspects. 
Although the airborne equipment 
designer is forced to this conclusion 
by hard facts, his counterpart in in- 
dustrial controller design can profit 
by his experience, even when his 
task is inherently less demanding. 

This pa 
National 
York City. 


r was presented at the 1953 IRE 
onvention, March 23-26, in New 


Conelrad Test 
Successfully Confusing 


A nation-wide test to determine 
the effectiveness of the Conelrad 
civil defense system of controlling 
broadcast operations has proved suc- 
cessful. Under this system, only co- 
operating AM stations would be al- 
lowed to operate on 640 and 1240 
KC during an actual air alert. TV, 
FM and non-cooperating AM sta- 
tions would go off the air. 

During the recent test all stations 
were allowed to continue operation, 
resulting in interference in some lo- 
calities. However, aerial observers 
were successfully confused and un- 
able to get a fix on any station. To 
date, some 1300 of the nation’s 2100 
AM stations have voluntarily spent 
$2,500,000 for Conelrad equipment. 
Details on how Conelrad operates 
are given in the March 1953 issue of 
TELE-TECH & ELECTRONIC IN- 
DUSTRIES, page 85. 
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Core Materials 
(Continued from page 94) 


is attributed to the permeability, 
that is, if the permeability is treated 
as a complex magnitude. In complex 
notation, the permeability has been 
given the form: 


w= wi —) oR (6) 
where u;, is an inductive component 
which so far has been referred to 
simply as permeability, and up is a 
resistive component. (instead of u;, 
and Up, symbols w’ and wu” are fre- 
quently used and will appear in that 
form in the new American Standard 
Association definition of electrical 
terms, according to a communication 
from P. H. Haas of National Bureau 
of Standards.) With this complex 
permeability u, Eq. (4) has to be 
written simply as follows: 


Zm = ja wp N? A/l (7) 


Obviously, then otation of a complex 
permeability does not describe an ew 
phenomenon in core materials. The 
usage of this notation is practical, 
not only because it alows the formal 
use of Eq. (5), but because it com- 
prises all of the core characteristics 
represented in Figs. 6, 7, and 8. From 
Eq. (4) and (7) follows: 


—- R. + ja Lin Lin 
BM => 


jaN* (A) ~Necant =) 
j w N? (A/l) 
Equating (8) with (6) gives: 
> 4 | 
a a NAD (9) 


J w N? (A/l) 


This result serves to illustrate the 
.components u;, and ug which read: 


ey (10) 
ML N® (A/l) 
and’ 
Run ok Oe 


ee p N? (AJ) 


‘In Fig. 8, uy is represented. 
_ The dissipation factor D=R,,,/L,, 
derives from (10) and (11) as: 


Rn/olim = pr/r (12) 


The characteristics of Fig. 7 derive 
from Eq. (12) as R,,/uolL = up/u*, 
ause uu, in conventional usage, is 
identical with u,, in vector notation. 
The complex permeability lends 
itself well to illustrate the figure of 
merit U;/u?;, as plotted in Fig. 7. 
Again, as in Fig. 5, loci can be de- 


a 
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| DELAY 


Amperite Thermostatic Delay Relays 
are compensated for ambient tem- 
perature changes from -55° to 
+70°C. Heaters consume approxi- 
mately 2 W. and may be operated 
continuously. The units are most 
compact, rugged, explosion-proof, 
long-lived, and—very inexpensive! MINIATURE 


TYPES: Standard Radio Octal, and 9-Pin Miniature. 
PROBLEM? Send for Bulletin No. TR-81 


| BALLAST-REGULATORS 


e Amperite Regulators are designed to keep 
the current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp). 
For currents of 60 ma. to 5 amps. Operates 
on A.C., D.C., or Pulsating Current. 
Hermetically sealed,’ light, compact, and 
most inexpensive. 


For the most effective solution use the 


SIMPLEST, MOST COMPACT 
MOST ECONOMICAL 
HERMETICALLY SEALED 


VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY & CHARGER } VOLTAGE VARIES 
VARIES APPROX , ONLY 


50% 2% T6$L s 


RELAYS 


Provide delays ranging from 2 to 120 seconds. 


@ Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current. 
Hermetically sealed. Not affected by altitude, moisture, 
or other climate changes. 
Circuits: SPST only—normally 
open or normally closed. 


. Maximum Wattage Dissipation: T64%2L—SW. T9—10W. 


Amperite Regulators are the simplest, most effective method 
for obtaining automatic regulation of current or voltage. Her- 
metically sealed, they are not affected b 
tude, ambient temperature (-55° to +90°C), or humidity. 
Rugged; no moving parts; changed as easily as a radio tube. 


Write for 4-page Technical Bulletin No. AB-51 
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STAR PERFORMANCE AS 
MANUFACTURERS OF TRANSFORMERS, 
REACTORS, FILTERS, TOROIDAL 

COILS FOR THE ELECTRONICS INDUSTRY | 


Now in its ninth year of operation, 


K 


Saratoga Industries, Inc. 

has built a solid reputation for the manufacture of 
precision windings. Approved for in-plant testing under 
MIL-T-27, Saratoga Industries, Inc. is 


to handle 


also 


it 


relating to 


prepared 


all types of commercial production. Saratoga 


engineers invite your inquiry to help solve your problems 


reactors, transformers, filters and windings of all types. 


SARATOGA INDUSTRIES, INC.. SARATOGA SPRINGS, WY 


leading manufacturers use 


JED PISTON TYPE VARIABLE TRIMMER CAPACITORS 


No. VC 20 (0.5 to 1.9 mmf.) Glass Dielectric 


. VC 1 G (0.7 to 6.0 mmf.) Glass Dielectric 
. VC § (1.0 to 10.0 mmf.) Quartz Dielectric 


NO OTHER LIKE IT! 


e eileen ZERO TEMPERA. 

RE COEFFICIENT FOR 

QUARTZ AND INVAR construction. 

® gs ayy waa +50 PPM per degree 

C. for Glass and I IVAR construction. 

®@ One-piece SPRING LOADED PIS- 
TON and screw prevent backlash. 

@ SILVER BAND fused to exterior of 

precision drawn quartz or glass tube 


serves as pce ape oneety electrode. 
e iy ” of 1 


DIELECTRIC ‘STRENGTH equals 
1,000 volts DC at sea level pressure and 
500 volts at 3.4 inches of mercury. 

® 10,000 megohms INSULATION RE- 


SISTANCE MINIMUM. 
@ OPERATING TEMPERATURES, 
—55 C. to + 125 C. with glass dielec- 


tric. —55 C. to +200 C. with quartz 
dielectric. 

@ Over 100 megohms MOISTURE RE. 
SISTANCE after 24 hours exposure to 
95% humidity of room temperature. 

@ PISTON DIMENSIONAL ACCU. 
RACY is held to close tolerance main- 
taining minimum air gap between pis- 
ton and cylinder wall. 


Write for Form No. 199 


both civil and military equipment 
JFD MFG. CO. 


BROOKLYN 4, N.Y. 
BENSONHURST 6-9200 


world’s largest manufacturer 
of tv antennas & accessories 


. VC 11 (1.0 to 10.0 mmf.) Quartz Dielectric 
. VC 11 G (1.0 to 12.0 mmf.) Glass Dielectric 
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CORE MATERIALS (Continued) 


rived representing equal up/*, val- 
ues. The equation up/u*,, = Constant 
yields parabolas as shown in Fig, 9, 
This diagram reveals the limitations 
of the factor up/u*, for material 
evaluation. Again, as with Fig. 5, the 
question, “which materials are rated 
equal,” can be answered. Materials 
with loss angles of higher than 45° 
should be excluded because u, in- 
creases at a Rs. rate than 1, 

Loss angles, 8, of 45° or higher és 
not occur in practical core materials, 
and it can be concluded that the fac. 


Fig. 9: Loci of vectors with equal merit 


tor D,,/u = up/u*,, as plotted in 
Fig. 7, gives a satisfactory general 
rating of core materials. 

The author wishes to achieve the 
cooperation of the companies listed 
in Tables I and II for submitting in- 
formation. Particular appreciation is 
extended to Messrs. G, H. Cole, D. C. 
Dieterly, and M F Littmann from 
the Armco Research Labs. and to 
Mr. W. Stifler from the Ferroxcube 
Corp. for special communications. 
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“Carcinotron”’ 
(Continued from page 66) 

ergy is removed at the end of the 
line near the electron gun, the other 
end being terminated in such a way 
as to avoid multiple reflections be- 
tween the two extremities of the 
line.” 

Fig. 2 illustrates the. essential 
elements of the type M tube. These 
comprise: 

1.A periodic waveguide anode 
structure “L” serving to transmit a 
wave with energy velocity v, di- 
rected toward the left of figure, and 
having a “reverse” wave with phase 
velocity v, directed toward the right. 
This structure is biased to a positive 
potential V with respect to the op- 
posing plane electrode (grounded). 

2. An electrode parallel to the 
anode structure and spaced from it 
by a distance d, biased to negative 
(ground) potential. This electrode, 
termed the “sole”, together with the 
anode, serve to bound the interac- 
tion space. 

3. An electron. gun comprising a 
cathode “K” as an electron source. 

4. An electron beam “F” injected 
from the gun through the interaction 
Space along an equipotential V, de- 
fined by V, = m v,?/2e where 
Ve = Vx: 

5. A positively biased electron- 
collecting electrode (not shown) at 
the end of the system for the pur- 
pose of collecting the electrons 
which are not captured by the anode. 

6. A terminating attenuating sec- 
tion “A” at the collector end of the 
delay line. 

7. An r-f output system connect- 
ing the gun end of the delay line to 
an external load. 

8. A magnetie field “B” normal to 
the plane of the drawing, uniform 
throughout the interaction space. 
When the beam current is increased 
above the critical value Ia given in 
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A truly superior switch 


MONITOR SWITCHING OF 
VIDEO CIRCUITS 


Also 
COMPUTERS @ TELEMETERING 
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Advantages 
Extreme flexibility 
Fast quiet switching 
Crosstalk down 60 Db at 10 MC 


Any group of setups may be held 
intact while setting up others 


Provision for spot or remote control 
Strapwiring eliminated 

Excellent HF characteristics 
Palladium contacts 


“TYPE M 
Reduced cost with leslividwol cross-over 
Compact design, small size eager ar abied your switch 
i bi d in- 
Low operating power—2.5 watts pad ee sey = ‘a iene 
Simple ‘“‘package” installation switches. 
JAMES CUNNINGHAM, SON & CO., INC. 
Dept. T-1, Rochester, New York Tel: BAker 7240 
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meeting | 
Military and Manufacturing 
Needs with DEFLECTION YOKES 


and 
ELECTRONIC 
COMPONENTS 


PRIME and SUB-CONTRACTORS are 
invited . . . to send specifications 
for quotation, or for information on 
our facilities. 

Our new, enlarged plant enables 
us to odd customers who need 
deflection yokes or other elec- 
tronic components for military and 
manufacturing operations. 


We invite your inquiries. 


TbRad My. Co, Inc 


RADIO and TELEVISION COMPONENTS 
7 Madison Street, Fennimore, Wisconsin 
PHONES: Office 270 — Purchasing Dept. 271 


Designed for laboratory and production test use, the 
Model 130 has proven itself an ideal low cost instru- 
ment. 


Frequency range: 450 to 900 mc 
Output voltages: 0.01 to 1.0 volts into 75 ohm load 


Sweep: 60 cycles, sine wave 
Sweep width: 0 to at least 30 mc, continuously variable 
Output: Unmodulated, AM or swept 


E 
UHF TV SWEEP 
GENERATOR 
MODEL 130-$265- 


Markers and balun for 300 ohm load are available. 


The only UHF Grid Dip Oscillator in the field, the versa- 
tile Mode] 200 is an extremely useful instrument for 
those who do UHF TV work. Featuring single range 
tuning and direct reading, the Model 200 has a re- 
markably smooth meter indication. 


Frequency range: 400 to 900 mc, single range 
Output: CW 
Size: 8,” high x 3” wide x 4” deep 


New London * ane 
NEW LONDON 3, CONN. 


UHF GRID DIP 
OSCILLATOR. 
| MODEL 200° #140" 
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“CARCINOTRON” (Continued) 


Eq. (9),!* the system begins to osgej]. 
late at a wavelength determined by 
the point on the dispersion curve 
where v,=v,x for a reverse wave, 
Now v, is the average translational] 
electron velocity and is equal to 
E/B in the system of Fig. 2d. The 
continuous field, E, between anode 
and sole is equal to V/d. It can he 
seen therefore that as V is varied, 
the electron velocity varies, and the 
wavelength of oscillation varies ac. 
cordingly. 

The frequency of oscillation is de- 
termined by the dispersion of the de- 
lay line and the electron velocity. It 
is substantially independent of ex- 
ternal rf loading of the tube. The 
power reaching the load is modified, 
however, in accordance with the 
power reflection factor of the load. 
As an example, for a 5.8 to 1 load 
voltage standing wave ratio (VSWR) 
half the power is absorbed by the 
load, and half is reflected. 

As the electron beam gives energy 
to the rf wave on the anode, it loses 
potential energy and maintains the 
same translational velocity v,. It is 
injected into the system along an 


Fig. 9: Lab set-up for measuring performance 


equipotential V,, and as it exchanges 
energy with the wave it moves 
through successively higher equipo- 
tentials until it is captured by the 
anode at potential V. The electronic 
efficiency of the system yn, is given, 
as a first approximation by the rela- 
tion: 


n = 1 — V./V (10) 


It is possible to design a tube so 
that V is of the order of 5 times V,, 
yielding a theoretical electronic effi- 
ciency of 80 percent. Eq. (10) as- 
sumes ideal linear electron trajecto- 
ries. If one considers the most unde- 
sirable trajectories, i.e., cycloidal 
trajectories, Eq. (10) becomes: 


7 = 1 —- 4V./V (11) 


and the efficiency would be 20% for 
the case just cited. 
In practice, the electronic effi- 
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ciency is a function of the linearity 
achieved in the electron trajectories. 
It is further modified by space 
charge (diocotron) effects *'°, and 
the fact that some of the electrons 
are captured by the sole and collec- 
r. 

icerall efficiency of the tube is 
determined by electronic efficiency 
and losses in the delay line circuit. 
Tubes operating at S-band with an 
overall efficiency of 50% have been 
reported.” 

Experimental Tube 


Fig. 3 illustrates a circular experi- 
mental M type oscillator designed 
for operation in the frequency range 
from about 2000 to 3000 mc. While 
the foregoing discussions were con- 
cerned with a linear model for sim- 
plicity, it is nevertheless possible to 
construct such tubes in a compact 
circular form, with appropriate 
modifications. The diameter of the 
envelope is 4.5 in.; the thickness 
(which defines the magnet gap) is 
18 in.; the overall height including 
the bushing is 10.25 in. The weight 
is 7 lbs. without magnet. The tube 
was operated in the laboratory using 
external pole pieces and an electro- 
magnet. 

The r-f output was connected to 
the load by means of a % in. coax- 
ial 46-ohm line, using standard fit- 
tings. Water cooling was required 
and was provided by the temporary 
expedient of a loop of tubing brazed 
to the cylindrical envelope. 

The internal construction of the 
tube is displayed in Fig. 4 where the 
cover, bushing and sole assembly 
have been removed from the body of 
the tube, exposing the periodic 
anode structure. 

Measurements made during the 
course of development of this tube 
included measurement of the disper- 
sion characteristics of the delay line, 
méasurement of impedance match 
between the delay line and the ex- 
ternal coaxial line, measurement of 
attenuation introduced at the collec- 
tor end, and measurement of the r-f 
characteristics looking into the out- 
put of the completed tube. 

Fig. 5 shows the dispersion char- 
acteristics of the delay line deter- 
mined by exciting the anode from 
an r-f source and probing the field 
pattern. Comparative data is shown 
which was determined by operating 
the tube and performing a calcula- 


‘tion using the E/B relationship. Sub- 


stantial agreement was obtained be- 
tween the two methods within the 
limits of experimental error. 

The coaxial output line was 
matched to the delay line by means 
of a quarter-wave transformer sec- 
tion’ Fig. 6 shows the degree of im- 
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MELPAR has an unparalleled 
opportunity to offer you—rapid 
progress and sound future— 
varied project assignments under 
the guidance of nationally known 
engineers. In addition to 
numerous and challenging 
projects—both military and 
industrial—Melpar is Research 
Headquarters for the 
Westinghouse Air Brake 
Company and its affiliates. 


THREE TO FIVE YEARS EXPERIENCE 
IS REQUIRED IN ONE OR MORE 
OF THE FOLLOWING FIELDS 


Radar + Sonar « Fire Control 
Systems « Micro-Wave 
Techniques + Pulse Circuits 

« Servo Mechanisms « Electro- 
Mechanical Design + Speech 
Compression + Small 
Mechanisms + Antennae Design 
¢ Flight Simulators 


If you can qualify—high 
achievement, financial security 
and gracious living await you 
here! Melpar is located in the 
beautiful Virginia suburbs, 
just a few minutes from the 
Nation’s Capital. A grand 
place to build a grand 

future! Let’s discuss it 

all in detail. 


FOR PERSONAL INTERVIEW. 
in your area, write Personnel 


Director, Dept. TT-11 


INCORPORATED 


440 SWANN AVENUE, ALEXANDRIA, VIRGINIA 
THE RESEARCH LABORATORY OF WESTINGHOUSE AIR BRAKE CO. AND ITS SUBSIDIARIES 
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H. V. ANDERSON ASSOCIATES 


Metallizing Consultants on PRECIOUS METAL PAINTS 
NOBLE METAL RECOVERY 
METALLIZING CONTRACTUALS 


Serving the CERAMIC, GLASS AND 
ELECTRONIC INDUSTRIES 


H. V. ANDERSON ASSOCIATES 


We solicit your inquiries 


— 


239 PARK AVENUE, BERKELEY HEIGHTS, N. J. TEL. SUMMIT 6-1840 
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You Don't Have To Be A Sleuth 
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% RADIO'S MASTER 
et 1953-4 CATALOG 


LISTS OVER 85,000 TYPES 
OF ELECTRONIC PARTS 
AND EQUIPMENT! 


Federated Purchaser, the only Coast-to-Coast electronic distributor, 
offers you its new giant electronic catalog free. This Official Refer- 
ence Book and Buying Guide of the radio and electronic industry 
lists all nationally advertised radio and electronic parts, components 
and equipment. 

Write for your free Radio's Master Catalog today on your com- 
pany letterhead stating your title. Address: Federated Purchaser, 
Dept. 115, 66 Dey Street, New York 7, N. Y. 


Federated Purchaser 


THE ONLY COAST TO COAST ELECTRONICS DISTRIBUTOR 
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@ “Low Noise” 20 KC. IF Amplifier @ Extended Frequency Response 
© Amplified Wavemeter Indication ® Longer Persistence C R Tube 
® Double Range Sweep — 2 to 20 CPS e@ ... and seven others 


PLUS all the outstanding and proven features.of the Vectron SA20, 
including: 


Interchangeable L-Band, S-Band, C-Band, X-Band and K-Band RF 
assemblies to permit your choice of specific operating frequencies, 
as you need them. Eliminates the unnecessary bulk and expense of 
equipment covering large areas in unused portions of the Spectrum. 


Get full details and specifications 
Write for Bulletin SA25 today! 


Vectron invites your inquiries regarding the development and manufacture of: 
Precision Mechanical Devices Mi Equi; ¢ icati rks ond Fitters 
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ELECTRO-MECHANICAL EQUIPMENT 


“CARCINOTRON” (Continued) 


pedance matching obtained by this 
method. This data was computed 
from measurements made on a linear 
delay line having essentially the 
same characteristics as that used in 
the tube. The VSWR was measured 
looking into the output pipe, while 
the line was terminated through an 
identical pipe to a matched coaxial 
load. This linear model was also 
used for measurement of the amount 
of attenuation a introduced at the 
collector end as a function of fre- 
quency. Results of these measure- 
ments are plotted in Fig. 7. The at- 
tenuation was undesirably low at the 
lower frequencies. 

The decibel standing wave ratio 
characteristic looking into the com- 
pleted tube is shown in Fig. 8. It 
will be observed that the impedance 
match had deteriorated in compar- 
ison to that originally obtained (Fig. 
6) between the coaxial line and 
anode delay line. This deterioration 
is caused by reflections from both 
ends of the attenuating section at 
the lower frequencies and by reflec- 
tions from the first end at the higher 
frequencies. More attenuation at the 
lower frequencies would eliminate 
one of the reflections. 


Operation of the Tube 


The completed tube was operated 
while being continuously pumped. 
Fig. 9 shows the tube in position be- 
tween the magnet pole pieces at the 
left. High frequency power was 
measured by the water load, which 
can be seen joined to the coaxial 
output connection of the tube. Mag- 
netic field strength was measured by 
the commercial type gaussmeter on 
the table just to the right of the tube. 
On the right of this is a meter lying 


‘flat on the table which measures 


temperature rise (by means of ther- 
mo couples) of the controlled flow 
of water in the load. The meter on 
the right of the thermocouple meter 
is the indicator for an absorption 
type wavemeter clamped to the edge 
of the table on the right. The large 
instrument in the center of the right 
table is a spectrum analyzer, while 
the oscilloscope at the right end was 
used for recording dynamic fre- 
quency versus anode voltage opera- 
tion. Power supplies for the tube do 
not appear in the photograph. 
Static measurements of power 
output and frequency were made as 
a function of anode voltage at a con- 
stant beam current of 165 ma, be- 
ginning at a voltage of four kilovolts 
and increasing in intervals to 6 kv, 
where arcing occurred which dam- 
aged the uniformity of the anode 
delay line. These results are shown 
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in Fig. 10. Over this range of volt- 
age, continuous tuning of frequency 
was obtained from 2270 to 2850 mc 
with no discontinuities. As far as 
could be determined, the tube oper- 
ated at only one frequency for a 
given anode voltage. At a frequency 
of 2300 mc, a power output of 200 
watts and an overall efficiency of 
29.2% was recorded. The magnetic 
field in the interaction space was 
1230 gauss. 

Provision was made for frequency 
modulating the tube by adding a 60- 
cycle voltage to the continuous 
anode voltage, and sweeping the 
horizontal deflection of a cathode ray 
oscilloscope trace simultaneously at 
at 60-cycle rate; the r-f output of 
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Fig. 10: Voltage-tuned oscillator performance 


the tube was detected by the crystal 
wavemeter and amplified. Its signal 
was used for the vertical deflection 
of the oscilloscope trace. In this way, 
power vs voltage was plotted dy- 
namically. Since frequency was de- 
termined by the anode voltage, this 
plot. was also a power vs frequency 
display. The extent of frequency de- 
viation was determined by observ- 
ing a pip introduced in the display 
when the frequency equalled the 
resonant frequency of the wave- 
meter. By this method, voltage tun- 
ing over the range from 1624 to 2740 
MC was recorded, with power output 
drepping to small values at the low 
frequency end of the range. 

The effect of load variations on 
frequency was measured. Discontin- 
uities causing a predetermined 
standing wave ratio were introduced 
in the coaxial line between the tube 
and the load. These discontinuities 
were moved through all phase posi- 
tions, while their effect on frequency 
(pulling) was observed. The tube 
Was operated at a frequency of 2300 
uc during this test. The variation of 
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“CARCINOTRON” (Continued) 


frequency was influenced to a cer- 
tain extent by fluctuations in the 
magnet and anode power supplies, so 
that the measurements are here re- 
ported as maxima. In reality the true 
pulling figure may be somewhat less. 
For a 1.5/1 VSWR load in all phase 
positions the pulling was less than 
1 mc; at 2.5/1 VSWR it was less than 
2 mc, and at 3.5/1 it was less than 
2.5 MC. 


Conclusion 


The elementary theory of a back- 
ward wave oscillator with a trans- 
verse magnetic field has been pre- 
sented. Theory predicts such tubes 
should have several desirable fea- 
tures. These, observed in the opera- 
tion of an experimental model and 
reported above, were as follows: 

-1. Power output of the order of 
hundreds of watts at microwave fre- 
quencies. 

2. High efficiency. 

3. Electronic tuning over a wide 
band by variation of anode voltage. 

4. Capability of rapid tuning and 


frequency moduluation by use of the | 


electronic tuning feature. 
5. Insensitivity to load variations 
(i.e., low pulling figure). 


The Carcinotron described in this paper is a 
report of the a results in the U. S. of.a 
co-operative effort in this field between the Com- 
pagnie Générale de Télégra enphie Sans Fil (CSF) of 
Paris, France, and bon Raytheon AONE Co. 
= nrnet is sui y the_U. S. Signal Corps. 

We wish to ac ete our thanks to those in 
the Electron Tube Research Laboratories of CSF: 
Messrs. R. Warnecke, P. Gué: , O. Doehler, G 
Mourier, to name a few, as well as those in. our 
own laboratories who are contributing their effort 
in this work. We further wish to extend our appre- 
ciation to the late Dr. Gorham, as well ‘as to 
Messrs. G. R. Kilgore and J. Hull of the Signal 
Corps, whose foresight and interest have materially 
= the introduction of this development in the 
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t dans de champs électrique et magné- 
croises,’ Annales de Radioelectricite, 
p. 252-278; Oct. 1952. ; 

ench, ‘‘Progress in the United States 


. have been observed by the author in smooth 
bore cylindrical magnetron diodes. 


(Continued from page 150) 
NTSC slides as a signal source em- 
ployed 45° deflection angles. The 
tibe measured 261% in. overall and 
weighs approximately 18.5 lbs. The 

ectrostatic-focus electron guns em- 
loyed were each similar to those 
ed in type 5TP4 projection-type 
ack-and-white tubes. High voltage 
quirements for the tubes are: 20,- 
(00 volts with maximum current 
drain of 60 wamps; convergence 
Blectrode 9,300 volts with maximum 
‘drain of 5 uamps; focus electrode 
® 3,100 volts with a maximum current 
‘drain of 40 uamps. The regulation 
“of the anode and convergence volt- 
‘ages must remain within 2% to pre- 
- vent misregistration. 
Engineers who were responsible 
development include: 
Charles F. Stromeyer, Vice Presi- 
dent, Engineering & Manufacturing; 
Dr. Russell R. Law, Technical Ad- 
Visor, Research & Development; 
Norman F. Fyler, who directed lab- 
‘oratory staff; William E. Rowe, pho- 
tographic techniques of tri-color 
Screen fabrication; Clifford W. Cain, 
Laboratory Instrumentation; Robert 
B. Tomer, Director Commercial En- 
gineering; Herber G. Ryan; evalua- 
tion of color tube designs; and El- 
wood W. Schafer who directed tran- 
Sition of the design from laboratory 
to pilot production. 
: Columbia Broadcasting System 
“inc., parent organization to CBS- 
‘Hytron have also announced the de- 
velopment of a color TV “Chroma- 
Ptoder” studio camera system. This 
famera employs one image orthicon 
| with a rotating field-sequential color 
'Gisc. The camera output is fed to a 
“hromacoder picture tube which is 
Wiewed by three vidicons. A shutter 
Synchronized with the color fields 
Permits each vidicon to view just the 
@olor for which it is intended (i.e. 
ted, green or blue). The vidicon de- 
ay characteristic allows the color 
?P e to be stored until the next 
‘Same-color field is displayed. In this 
‘Manner, the field-sequential output 
Of the camera is transformed into a 
*ompatible NTSC simultaneous sig- 
Nal, and then sent to the transmitter, 
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sumples and prices. GUDEBROD BROS. SILK CO., INC. 


Electronics Division, Dept B 
Main Office: 12 South 12th Street, Philadelphia 7, Pa. 
225 West 34th Street, New York 1, N.Y. 
Design Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN, UNIT CONSTRUCTION 


_Be sure your Engineers are bearhage with the Alden Handbook of plug-in unit design. Presents 
complete line of basic comp o di flexibility for adapti ic i to plug-in 
construction. 


*Patent Pending. 


& your equip 


| Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


+ Ih 300 © ,e-. 


MPER STRIP : 
ATURE ha ee wiring CARD-MTG, 
INALS for common cicealts SOCKETS 
You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
Sockets staked to accommodate any circuitry — making complete units ready for housing. 
Components snap into unique Alden Termi are held ready .for soldering. 


? To mount this vertical cireuitry, ALDEN PLUG-IN PACKAGES AND 
dae CHASSIS give tremendous variety with standard components 4 SIZES: 


om 58 Lh} 
ae 7 hoe x 
Pome | AEN 2 Meo 2. 2a, 

BASIC CHASSIS 2” 4” 8” 17” 


PLUG-IN 
CKA’ 7,9,11 
PACKAGE 20-PIN 
+? @ 
Alden components provide standard plug-in or slide-in housings—with spares, your circuits become units replaceable in 30 seconds, 


oor @ 
3. 


Give chassis easily traceable interconnects and 30-second 
replacement with ALDEN SERVE-A-UNIT KIT 


GIVING YOU 1) Chassis that plugs in, locks and ejects 
with half turn of the wrist. 2) leads so beautifully 
organized, accessible and identified that non-technical 
personnel can service. 


-§T'S AS SIMPLE AS THIS Arrange Alden Side Rails (1) 
and Alden Lock Frame (2) 
to suit your chassis. Alden 
Serve-A-Unit Locks (3) 
mount in your chassis to en~ 
gage pre-punched holes in 
Alden Lock Frame (2) to 
pilot, draw in, lock or eject. 
Arrange Alden Back Connec- 
tors (4) in.orderly row on 
‘Alden Lock Frame. Mount 
mating Alden Back Connec- 
tors on your Chassis. 


ALDEN BACK 
CONNECTORS 


4, Assign to each unit br SENSING ELEMENTS — to spot trouble instantly: 


Bs MINIATURE 
A TEST JACK 


123 WN. Main $t., Brockton 64, Mass. 


MINIATURE 
INDICATING INDICATING 
LIGHT FUSE HOLDER 
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Robert D. Hallock has been appointed 
plant manager in charge of engineering 
and production for American Micro. 
phone Co., Pasadena, Calif. Prior to 
joining his present company, Mr. Hal- 
lock was associated with Bardwell & 
McAllister, Inc., Solar Mfg. Corp., Stan- 
dard Coil Products Co., and Aire. 
search Mfg. Co., as design engineer, 
chief engineer, and plant manager in the 
electronic divisions of these companies, 


Dr. George Cheney Newton, Jr, 
associate director, Servomechanism 
Laboratory, MIT, was awarded the 
Louis E. Levy Medal by The Franklin 


Dr. G. C. Newton, Jr. 


Institute of the State of Pennsylvania 
for his paper, “Compensation of Feed- 
back-Control-Systems.” Presentation 
was made in Franklin Hall, October 21, 
on the occasion of the Institute’s an- 
nual Medal Day ceremonies. 


John L. Ham has been appointed 
director of the metallurgical depart- 
ment of the National Research Corp., 
Cambridge, Mass. James H. Moore, 
who formerly held the position, has 
become general manager of the com- 
pany’s wholly-owned subsidiary, Vac- 
uum Metals Corp. 


William A. Wagner, formerly chief 
divisional designer for Montgomery 
Ward & Co., has been appointed chief 
product designer for Warwick Manvu- 
facturing Corp., Chicago, Ill, radio and 
television manufacturer. 


Dr. Louis T. Rader has been ap- 
pointed general manager of a specialty 
control department at General Electric 
Company’s Schenectady (N.Y.) works, 
a new department that will be largely 
responsible for industrial electroni¢, 
regulator, and aircraft control equip- 
ment. Recently, Dr. Rader announ 
the following appointments to his staff: 
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K. N. Bush, manager of manufacturing; 
HL. Palmer, manager of engineer- 
se: and C. S. Van Wormer, manager 
of finance. Before his return to G-E 


jn 1949 to manage the engineering lab- 


oratory of the control division, Dr. 
Rader was head of the Electrical En- 
gineering Department at the [Illinois 
Institute of Technology. 


Kenneth B. Boothe, vice-president 
and director of instrumentation and 
sales for Audio & Video Products Corp. 
has been elected a director of the com- 
pany, as were Martin V. Kiebert, Jr., 
Bernard B. Smith, and Irving M. 
Buckley. During World War II, Mr. 
Boothe was chief of telecommunica- 
tions for the Psychological Warfare 


Kenneth B. Boothe 


Branch of the Allied Military Forces 
in the middle East and the Balkans. 
From 1943 to 1944, he served as com- 
munications attache for the United 
States Embassy in the Soviet Union. 


Dr. George M. Anderson has been 
named head of the Engineering Devel- 
opment group at Edison Laboratory to 
reduce to working models new products 
and product-improvement research be- 
ing conducted in the new laboratory 
in physical, chemical, and analytical 
fields. From 1951 until he joined the 
Edison Laboratory staff, Dr. Anderson 
worked on the development of the 
atomic reactor for submarine propul- 
sion at the Westinghouse Atomic 
Power Division in Pittsburgh, Pa. 


Howard O. Meuche has been ap- 
pointed production superintendent of 
Sterling Engineering Co., Inc., Laconia, 
N. H., electrical relay manufacturing 
subsidiary of American Machine & 
Foundry Company. Prior to joining 
Sterling, Mr. Meuche was assistant 
plant manager of National Union Radio 
Corp. From 1947 to 1950 he was associ- 
ated with Telvel Laboratories as pro- 
duction manager. 


Col. Howard W. Serig, until re- 
cently vice commander of the Air 
Force Cambridge Research Center, has 
een made director of a research 
division group of the Research Division 
of New York University’s College of 
Engineering which furnishes staff sup- 


HOW TO INAUGURATE 


0) 


WITH MINIMUM INVESTMENT 


By Acquiring Units as Your 
Requirements Develop. 
1. BASIC EQUIPMENT 


Produces NTSC encoded 
signals from color bars. 


2. SUPPLEMENTAL EQUIP- 
MENT 


Creates accurately certified 
NTSC encoded pictures 
from color transparencies. 
Feeds phase equalized pic- 
ture and sound transmitter. 


3 RECOMMENDED 
EQUIPMENT PLUS FULL 
FACILITIES 


1. sia 


en 
: Transmits, receives,. moni- 
tors and analyzes, compos- 
ite NTSC color pictures. 


In Use by Leading Receiver, Tube and 
‘Component Mfrs.;* TV 
Research Laboratories 


Broadcasters; 


Illustrated Literature on Request 


The Nation's Leading Suppliers, of Color TV Equipment 
88 Merrick Road Amityville, N. Y. 
AMityville 4-4446 
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Little G-E lamp is lens and bulb 
all in one! 


Eliminates cost of 
separate lens 


Makes product assembly 
much easter, cheaper 


You can add the extra safety and convenience of a 
beam of light to any home appliance, business ma- 
chine, electrical or electronic device easily and at 
low cost with a General Electric lens-end bulb. 


Because this lamp replaces the two pieces usually 
needed to do the job. . . bulb plus separate lens . . . 
assembly is easier, cost is lower. For more infor- 
mation about this and other small G-E lamps for 
your produets, call your G-E lamp supplier, or 
write General Electric, Lamp Division, Dept. 
166-TT-11, Nela Park, Cleveland 12, Ohio. 


GENERAL @@ ELECTRIC 


QUALITY PERFORMANCE 


Victoreen type 6353, 20,000 volt regulator, designed for 
regulating the second-anode potential of television Kine 
scopes, and other circuitry requiring high voltage regulation 


SPECIAL FEATURES.. 


. . SS 
a 


ELECTRICAL CHARACTERISTICS 


D.C. Starting Voltage (Max.) . . 22,000 v 
D.C. Regulating aes (100 ya) 19,500 v 
Tolerance ‘ peat eS ; +2% 
Regulation 4 5% /250 ya 
Maximum current 1,000 ya 
Minimum current 25 va 


PHYSICAL CHARACTERISTICS 


ee Over-all length : 10% inches 
Over-all diameter 1% inches 
Components Division i " 
aE Body diameter See ed oe inch 
ves vaginas Pedyteketh 8. SO Sa es Se 
Lien, Ce ee enene wee! 


The Victoreen Instrument Co. 


3800 PERKINS AVENUE ° CLEVELAND 14, OHIC 


For Precision Measurements 
2,600 MCS To 26,500 MCS 


Type 712 — 12.4 to 18. 0 Kmc/sec. Wave- 
guide size: .702” x .391” O.D. Range: 40 db. 
Calibrated to an accuracy of + 0.3 db. 


Type 612 — 8.20 to 12.4 Kmc/sec. Wave- 


guide size: 1”x14” O.D. Range: 40. db. 
Calibrated to an accuracy of + 0.3 db. 


Type 312 — 3.95 to 5.85 Kmc/sec. Wave- 
wide size: 2” x 1” O.D. Range: 50 db. 
alibrated to an accuracy of + 0.3 db. 


Latest brochure with detailed specifications and prices on 
complete line of attenuators available on request. 


WA VEL ! NE INC, CALDWELL, N. J. 


CAlidwell 6-5785 


TELE-TECH & ELECTRONIC INDUSTRIES * November 1953 


- PERSONAL 


Gd 
(Continued from page 167) 
port to the Panel on Electron Tubes of 
the Department of Defense. From 194g 
to 1952, Col. Serig was Air Force 
secretary, Committee on Electronics, 
Research and Development Board. 


Ned J. Marandino has been made 
manager of the new television set plant 
in Batavia, N. Y. that is now being 


Ned J. Marandino 


constructed by Sylvania Electric Pro- 
ducts Inc. Mr. Marandino joined Syl- 
vania’s radio and television division in 
Buffalo in 1950 as superintendent of 
test and inspection. 


Jerry B. Minter, vice president of 
Measurements Corp., Boonton, N. J., 
and president of Components Corp., 
Denville, N. J. has been elected presi- 
dent of the Audio Engineering Society. 
He succeeds F. Sumner Hall who has 
become a governor of: the society. 


Henri G. Busignies, technical di- 
rector of the Federal Telecommunica- 
tion Laboratories, division of IT&T 
at Nutley, N. J., has been appointed 
vice-president and member of. the 
management advisory board. Mr. 
Busignies has been associated with 
IT&T for nearly a quarter of a cen- 
tury. He joined Federal in 1941 and 
advanced from senior engineer to tech- 
nical director during the eight ensuing 
years. Mr. Busignies is known chiefly 
as the inventor of the first automatic 
direction finder for aircraft, now stand- 
ard equipment on all large commercial 
and military airplanes. 


Elwood W. Schafer, former vice- 
president of National Union Radio 
Corp., has been named assistant to 
Charles F. Stromeyer, vice-president 
in charge of manufacturing and en- 
gineering at CBS-Hytron. Mr. Schafer 
will assist in planning the company’s 
expansion of its TV tube manufactur- 
ing facilities, and operate a color tube 
pilot plant. 
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Raymond J. Clancy, Lester F. Claw- 
son, Jr., Bob N. Jasberg, James S. 
Johnson, Joseph M. Lambert, John P. 
Malbrain, Jacob Munt, Jon H. Myer, 
Herman E. Thomason, and Eden F. 
Wright have joined the technical staff 
of Hughes Research and Development 
Laboratories, Culver City, Calif. 


Fred T. Schick has been named chief 
mechanical engineer for CBS-Colum- 
bia, Inc., TV set manufacturing sub- 
sidiary of Columbia Broadcasting 
System. Formerly, Mr. Schick was head 
of product design for Allen B. Du 
Mont Laboratories, Inc., and assistant 
chief engineer of Emerson Radio Corp. 


Dr. Raymond A. Heising retired from 
the Bell Telephone Laboratories on 
August 31. Dr. Heising is one of the 
Bell System radio pioneers. He entered 
the employ of the Western Electric 
Company in July, 1914 and immediately 
began work on high frequency com- 
munication. He set up in the laboratory 
the first carrier on wire system. He 
developed their first radio transmitter 
which was tested at Montauk, Long Is- 
land in April, 1915, and developed the 
radio transmitter that was installed at 
the Arlington, Virginia Naval Antenna 
(which was borrowed) in 1915 with 
which transcontinental and_ trans- 
oceanic demonstrations of radio tele- 
phony were made that fall. A two-way 
conversation between New York and 
San Francisco was demonstrated with 
radio providing the circuit in one di- 


Dr. Raymond A. Heising 


rection from Arlington to San Fran- 
cisco. One-way speech demonstrations 
were made to Darien, Canal Zone, to 
Honolulu, and to Paris. Dr. Heising 
participated in the research and de- 
velopment connected with the pioneer 
long wave and short wave transoceanic 
commercial radio telephone circuits. He 
transferred to the Patent Department 
in 1945 and has since been engaged in 
patent engineering and other patent 
work. He is planning to continue his 
activities as an independent consulting 
engineer and patent agent, with head- 
quarters at 232 Oak Ridge Ave., Sum- 
mit, N. J. 


Watch 
TENSOLITE 
for progress in 
ELECTRONIC 
WIRING! 


For High Dielectric 
Strength, specify - 


TENSOLON 


TEFLON-INSULATED 


WIRE & CABLE 


@ THIN WALL 
@ 14 COLORS 


@ FREE- 


STRIPPING For an extra margin of dependability at maximum 


@ EXTRA operating temperatures, specify these rugged 
FLEXIBILITY Teflon insulated hook-up wires. Available in strand- 
ed sizes from 20 to 30 AWG with shields and teflon 
ss py A jackets or lacquered braids. Constructed to meet 
highest government and commercial standards, 
@ TEMPERATURE Tensolon Wires feature the new Tensulated-Teflon 
RATING: covering that eliminates pin holes and other 

—90° to imperfections. 

+ 250°C 


ASSORTED TENSOLON HIGH-TEMP WIRES 
IN LABORATORY AND TEST QUANTITIES 


An economical sample kit for designers, engineers, testing 
departments and development laboratories. Prices on request. 


WRITE FOR CATALOG TODAY 


the only practical gold plating 
process for electronic use! 


NOW ... all the advantages of gold plating for 
precision components without the common faults 
of ordinary gold. Here is the first real advance in 
industrial gold plating. Components that require 
surface or sliding contacts can be gold plated to 
any desired thickness without altering the finish 
or contour of the basic metal. 


SEL-REX gold produces mirror-like deposits regardless of thick- 
ness . . . without scratch brushing or buffing. Its exceptional 
hardness resists abrasion, wear and galling . . . affords far 
greater corrosion protection. Less gold is required to secure 
minimum specified thickness, yet has unusually good ‘‘throwing 
power’’ to plate interior surfaces and deep recesses without 
the need for auxiliary anodes. 

No special equipment is required for 

plating with SEL-REX BRIGHT GOLD for | $ELREX PRECIOUS METALS, INC. 


either barrel or still plating operations. (C0 Send FREE literature and comparative 
The SEL-REX BRIGHT GOLD BATH oper- I chart specifications on SEL-REX BRIGHT | 


ates at room temperature and is simple | GOLD PROCESS. | 
to maintain. Solution Is stable. Pack-  IName ..............2..00eeeeeeeceeees i 
aged in 1, 5 and 10-ounce bottles. boven fa eae | 
Send for impartial comparative test fhe SS Vt ERIE: i 
chart between conventional and SEL- i /;| Seerrrrrrrrr errr et eee eee eee ee 


REX BRIGHT GOLD. cit sin erucWeeie isa Zone. . State. ..... ! 
_ aa NRO 0 SoS RENNER IN 
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Wheeler Laboratories is an engineering organization which offers 
consulting and engineering services in the fields of radio and radar. 
Under the personal direction of Harold A. Wheeler, the Laboratories 
staff has been engaged since 1947 in the development of microwave 
components and equipment to meet the-special requirements of | 
various clients. The laboratory facilities are presently being aug- 
mented to include a field station for testing antennas. 


Wheeler Laboratories, -Inc. 
Great Neck, N. Y. 


Inquiries are welcomed regarding the availability of consulting and 
engineering services for the solution of unusual or specialized prob- 
lems in microwave and allied fields; a brief summary of develop- 
ments by the laboratory is available on request. Employment oppor- 
tunities in a small and expanding young group are offered to a few 


qualified engineers interested in achieving individual recognition in 
this field. 


Wheeler Laboratories, Inc., 122 Cutter Mill - Road, Great Neck, N.Y., GR 2-7806 


IF IT’S NEW ... IF IT’S NEWS... IT’S FROM ELCO 


Illustrated here, is Elco Corporation’s 
new 7-pin printed-circuit socket, which 
in addition to its electrical and mechani- 
cal efficiency and stability, incorporates 
many advantages never previously avail- 
able. Aware for a long time of the grow- 
ing importance of printed circuitry, Elco 
engineers have been busy in their lab- 
oratories on the development of sockets 
for practical commercial application of 
this new technique. And again, Elco 
introduces a quality product. 


Positioning of the Elco printed circuit socket in the chassis is quick, easy, positive. 
No strains or stresses are transmitted to the chassis or to the socket insulator; yet 
electrical contact is excellent at all times. The improved contact design automati- 
cally centers tube pins in position; resulting in positive contact retention with low 
resistance, producing optimum circuit performance. Contacts are made of brass 
or phosphor bronze, cadmium plated or beryllium copper silver plated. Insulators 
are of general purpose phenolic or ceramic materials. These Elco sockets are also 
available with shield clamps. Complete technical data is yours upon request; as 
is full information concerning Elco’s complete quality-line of tube-sockets, shields, 
and sensational new Varicon connectors. 


For Catalog Sheets, Call GArfield 6-6620 or Write ELCO Corp., 190 W. Glenwood, Phila. 40, Pa. 


Waveguides for UHF 
(Continued from page 83) 


Table I compares waveguide to 6% 
in, coaxial line, and shows the num. 
ber of years to balance costs. Refer. 
ring to this figure, for example, for a 
1,000 ft. tower and operation on 
Channel 77, after 1.2 years the extra 
cost of the waveguide is made up in 
operating savings, and after that pe- 
riod these savings continue. A simi- 
lar comparison to 3% in. coaxial line 
will reveal comparable results. 

It will be observed in Table I that, 
for Channel 49 operation, WR-1150 
costs are balanced out in a shorter 
time than are WR-1500 costs. How- 
ever, the actual dollar saving in op- 
erating costs is greater for WR-1500, 
as might be expected because of its 
lower attenuation. For example, for 
a 1,000 ft. tower the estimated an- 
nual operating saving is $2200 for 
WR-1150, as compared to $4000 for 
WR-1500. 


Fig. 5: Mounting hanger attached to waveguide 
seam for supporting the waveguide on a tower 


Many approximate cost assump- 
tions were made in preparing this 
table, and these assumptions will be 
far from right in individual cases. 
However, the results indicate a 
definite economic advantage in favor 
of waveguide. 

One UHF-TV station has been on 
the air for sveeral months using 
waveguide. WHUM in ~Reading, 
Pennsylvania, is operating on Chan- 
nel 61, 752-758 MC, using a 1036 ft. 
tower. WR-1500 waveguide is in- 
stalled on this tower. The perform- 
ance of the waveguide is satisfactory 
and the VSWR which includes ap- 
proximately 1090 ft. of waveguide 
and several fittings is less than 1.2, 
as measured with a dummy load with 
a VSWR of 1.05. (VSWR information 
provided by the General Electric 
Company.) 
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Vacuum-Processed 
Bradley Rectifiers 


laboratory quality at 
production line cost 


Multiple layers of 
selenium are puri- 
fied and bonded to 
each plate, under 
vacuum. Impurities 
cannot introduce 
variables in rectifier 
performance. 


Phenolic insulating 
pad is applied to 
minimize counter- 
electrode pressure 
on selenium when 
plates are assembled 
under spring ten- 
sion. Efficiency of 
rectifier is protected. 


Counter-electrode is 
masked away from 
edge of plate. Pe- 
riphery of counter- 
electrode won't chip 
or dig into selenium 
when plates are 
assembled. Counter- 
electrode shorting is 
eliminated. 


Liga 


——e 


Every plate in Bradley rectifiers is manufac- 

tured as an individual unit. It is a precision 
product and not a stamping from selenium 
coated material. That is why Bradley rectifiers 


- ae ees 


TT Lua! 


give you superior stability, efficiency at high 
temperatures and long life. 


| 
Edge shorting of the counter-electrode | 
under vibration is a performance hazard you. 
can’t foresee. Routine tests may or may. not i 
disclose its existence. Like any flaw, if it is 
slight, you won’t know about it until the 


customer complains. 


A sure way to eliminate counter-electrode H 
shorting as a threat to your circuit’s operation 
is to specify Bradley rectifiers, They are made \ 
to prevent shorting. Does this mean you pay k 
a premium price for Bradley rectifiers? It { 
does not. You get laboratory quality, but you f 
pay production line costs. Try us and see. 
Specify Bradley as a source when you next 
consider rectifiers. Special problems are } 


q welcomed. 


SELENIUM AND COPPER OXIDE RECTIFIERS ©@ SELF-GENERATING PHOTOCELLS 


VACUUM PROCESSED FOR PERFORMANCE AS RATED 


radle 


The complete selenium rectifier line .. . from microamperes to thousands of amperes. 


THE GRAYHILL SERIES 5000 
IS DESIGNED TO SAVE SPACE. 
DIMENSION OF A SINGLE DECK IS ONLY 
1-1/32” DIA. X 15/32’ BEHIND PANEL. 
AVAILABLE FROM I TO 6 DECKS, 10 POSI- 
TIONS PER DECK, MAXIMUM. EITHER SHORT- 
ING OR NON-SHORTING CONTACTS. 
RATED TO BREAK 1 AMP., 115V. AC 
NON-INDUCTIVE. 
) 
j 
5 
r 
r } 
\ 
” 543 Hillgrove Ave., LaGrange, MM. 
Phone: LaGrange 8000 
NEW USECO 
Send now for your copy 
de of this new 36-page 
jer manual, It covers our 
complete line of 
)- Standardized Elec- 
Lis tronic Hardware. 
be 
aS. 
a 
or 
It gives detailed prints and specifications covering types, sizes, 
an materials, finishes and complete engineering data on our 
ng terminal lugs, terminal boards, insulated lugs, chassis bushings, 
1g, stand-offs, spacers and other electronic items in both standard 
n- and miniature sizes. Contains everything required for the design 
ft. engineer. Especially helpful to the new user. 
- USECO hardware has been tried and proved in the field, and, 
ie through mass production, has been made available at peti 
ty tive prices. Prompt deliveries. Today's mail answered foday! 
ie Terminal boards fabricated to manufacturer's specifications. 
2 For your copy of New Engineering Manual, write 
. U.S. ENGINEERING CO. 
ric 520 Commercial St., Glendale 3, Calif. 
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BRADLEY LABORATORIES, INC., 170A Columbus Avenue, New Haven 11, Conn. 


Wii 


GLASS TURRET LATHE™ 


saves 


TIME--- LABOR 
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Directional Couplers 
(Continued from page 97) 


and permits the formulation of a 
more general scattering matrix for a 
directional coupler. Experimental 
verification of the above theory is 
presented in Fig. 7 for the case 
where Z,,' only is mismatched. 

The new scattering matrix which 
was derived is shown in Fig. 8a. This 
matrix includes the mismatch condi- 
tions as stated above. The various 
elements of the matrix are scatter- 
ing coefficients and are a measure of 
the amplitude of the wave scattered 
into one pair of terminals by an in- 
cident wave .of unit amplitude on 
another pair of terminals. If we limit 
ourselves to the usual definition of a 
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Fig.. 11: Three-wire coupling vs frequency 


directional coupler and _ consider 
matched lines only, it can readily be 
shown that the scattering matrix of 
Fig. 8a reduces to the scattering 
matrix of Fig. 8b, which is usually 
regarded as the standard form for a 
directional coupler. 

Up to now we have primarily been 
concerned with coupling sections 
which were small compared to a 
wave length. In order to be more 
general it is desirable to include 
the case where the coupling section 
is greater than a fractional wave- 


length. It has already been stated. 


that a single wave traveling in the 
reverse direction on the secondary 
line results, at any point of coupling, 
along two matched transmission 
lines, This is true for every point of 
coupling. However, the manner in 
which these individual waves add to- 
gether at the receiving point on the 
secondary transmission line will be a 
function of their relative phases. For 
long coupling lengths, phase shifts 
will occur. Using this concept, an 
analytical expression for the coupling 
(expressed in decibels) as a function 
of length can be derived. The 
directivity of such a matched sys- 
tem will remain infinite even though 
the phase may vary from point to 
(Continued on page 175) 
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Yes, a Printed Circuit, more accu- 
rately termed a Printed Wiring 
Board, is nothing more nor less 
than a Wiring Device. It is a most 
significant wiring device in that 
volume applications in conjunction 
with multiple soldering techniques 
permit the simultaneous production 
of up to 100 electrical connections 
within a few seconds. 


A five tube superheterodyne in volume 
production utilizing multiple soldering 
and semi-automatic assembly techniques 
. ». an excellent application of printed 
wiring methods by Raytheon Manufac- 
turing Company. 


Printed Wiring Boards can be made to 
your engineering specifications by Meth- 
ode, an electronic wiring device manu- 
facturer equipped and experienced in 
the specialized manufacturing techniques 
necessary to support continuous high pro- 
duction. Typically, the printed wiring 
panel will be a smaller cost item than 
most other major component portions of 
an electronic device. 


METHODE 


Manufacturing Company 


rchi 
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‘Microphone Pre-Amplifier 
Booster Amplifier 
Cuing Amplifier, etc. 


FOR USE AS: 


Type BA-10-A 


~ Mount on FA-26-A adaptor 
for plug-in unit! 


GAIN so db maximum 

FREQUENCY RESPONSE + 1 db, 50 to 15,000 cps 
OUTPUT LEVEL —2 dbm, with %% or less distortion 
COMPACT AC operated, self-contained power supply 


For information write: General Electric Company 
Section 48113, Electronics Park, Syracuse, New York 


GENERAL @@ ELECTRIC 
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us our Coils on the BEST* 


PSION 


COIL BOBBINS 
EXacting quality control and 

finest materials add up to make PRECISION BOB- 
BINS the best cores for R.F., |.F. coils, solenoids, 
switches, and other electronic applications. 


Count PRECISION BOBBIN advantages: 


® Greater Insulation @ High Strength, Light Weight 
@ Better Heat Dissipation @ More Winding Space 
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with the PLUS factor 
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at a glance or touch 


To the list of Radio Receptor diodes 
that can be designated JAN type 
comes another important model — 
IN34A. Built to the high standards 
of this designation, 1N34A as well 
as all Radio Receptor diodes gives 
you simplified polarity identifica- 
tion. The tapered case speeds up 
assembly, reduces possibility of error 
in connecting the diodes into the 
circuit, which all adds up to lowered 
production costs. 


These JAN type 


diodes now available for 


1N69 IN7O_ 1N81 


prompt delivery and now 1N34A 


Many other types of diodes are available too, 
including a range of computer diodés made to 
meet special requirements. Radio Receptor also 
makes Germanium Transistors and SELETRON 
Selenium Rectifiers. Our engineers will gladly 
study your problems without obligation and 
submit their recommendations. 


Seletron 
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Division 
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pack more 
performance 
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ating shock resistance (to 50 “G” and higher) and excel 
all others in their field in ability to teak high currents 
and high voltages. 


Ideal for high frequency switching, their inter-electrode 
capacitance is less than 5 micro-microfarads contacts to 
case, less than 2% mmf between contacts, even with 
plug-in type relay and socket. Vibration range is from 
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out chatter. Coil resistances up to 50,000 ohms are avail- 
able, with contact loading through 10 A. resistive for 
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all requirements of USAF Spec. MIL-R-5757 . . . and 
far surpass many. Various standard mounting arrange- 
ments available. Write for Bulletin R-150 or ask for 
“Diamond H” technical assistance. 


THE HART MANUFACTURING COMPANY 
218 Bartholomew Avenue, Hartford, Connecticut 


.-. and Synthane laminated plastics with copper- 
foil on one or both sides, is one good way to do 
so. “Printing” circuits speeds up your operation 
... Saves space... reduces the possibility of error. 
Synthane has pioneered in the production of cop- 
per clad laminates. Synthane laminated plastics 
with copper foil have good insulation resistance 
and are easy to punch or machine. We can supply 
foil-laminated Synthane in the grade and thick- 
ness you need ... and in the quantity you require. 
Get complete information on copper-foil Synthane 
and its place in electronics. Use the coupon today. 
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@ Largest assortment in the Midwest 
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ELECTRONIC SUPPLIES 
FOR INDUSTRY 


Simplify and speed your 
purchasing of electronic 
supplies and equipment. Send 
your orders to us for quick 
shipment from the world’s 
largest stocks of special- 
purpose electron tubes, test 
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Our expert Industrial supply 
service saves you time, effort 

- and money. Send today for 
your Free ALLIED Catalog— 
the complete, up-to-date guide 
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ALLIED RADIO 
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DIRECTIONAL COUPLERS (Continued) 


point, because each point sends en- 
ergy only in one direction. 
Fig. 9 shows the voltage and power 
variation in the desired direction on 
the secondary line and includes the 
analytical expression for the cou- 
pled energy to be expected. We may 
now observe that when 6 is small 
the equation in Fig. 9 reduces to the 
simplified form given earlier in Fig. 
3. A result we would naturally ex- 
pect. A little consideration of Fig. 9 
will show the feasibility of reversing 
the phase of the coupling every 
quarter of the wavelength. Another 
possible arrangement which is even 
more effective in transferring power, 
can be achieved by introducing 240° 
phase shifters at 60° phase intervals 
along the primary line. 


Other Directional Systems 


By the use of electrical images 
two one-wire transmission lines 
with a ground plane can be shown to 
be equivalent to an open four-wire 
system. Two different experimental 
curves of frequency versus amount 
of coupling with the coupled length 
as a parameter, are presented as 
corroborating evidence in Fig. 10. 

A three-wire system which repre- 
sents two transmission lines with a 
common ground wire can be shown 
to be equivalent to a four-wire sys- 
tem in which each transmission line 
is an unsymmetrical transmission 
line. This is done by imaging the two 
active wires into the ground wire. A 
three-wire system can also be shown 


* 


POWER 
LINE — wien Rk 
HIGH | CARRIER 
VOLTAGE TRANSMITTER Zo 


CAPAC/ TOR 


Fig. 12: Directional coupler for power fines 


to be equivalent to a four-wire sys- 
tem in which each transmission line 
is a symmetrical transmission line. 
This is done by the use of conformal 
mapping and is justified only as 
long as the transmission line propa- 
gates the TEM mode. Experimental 
verification is presented in Fig. 11 
and a comparison of the amount of 
coupling of the three-wire coupler 
with a comparable four-wire system 
is given. Because the images are so 
close to each other in the three-wire 
system a large increase in coupling 
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DIRECTIONAL COUPLERS (Continued) 


the four-wire system. A method ap- 
plying this three-wire system to 
power lines is shown in Fig. 12. 

A symmetrical four-wire system 
with two wires grounded can be 
shown to be equivalent to a three- 
wire system and some experimental 
evidence is shown in Fig. 13, is pre- 
sented. 

A fifth configuration which has a 
grounded shield surrounding the two 
active wires is investigated for di- 
rectional coupling characteristics. 
Each wire with the shield represents 
one transmission line. By the method 
of images, it is possible to image the 
two active wires into the shield. It 
can be shown that this problem also 
can be reduced to that of the three- 
wire directional coupler, except that, 
instead of imaging the two active 
wires into a common ground wire, 
they are imaged onto the outside of 
the ground shield. The same mathe- 
matics apply in either case. Some 
typical experimental verification for 
the shielded two-wire directional 
coupler is presented in Fig. 14. 

One of the most desirable features 
of all directional couplers of the 
open-wire transmission-line is their 
relative insensitivity to variations of 
frequency. If coupling sections of 
one quarter wave-length at the cen- 
ter frequency are utilized, then a 
frequency range of approximately 
three to one will cause a variation 
in coupling of only three decibels. 


Lumped Circuit 
Directional Couplers 


In addition to the above distrib- 
uted parameter type directional 
couplers, it is possible to develop 
lumped circuit directional couplers 


x —— = THEORETICAL 
» X= EXPERIMENTAL 
as 3 
g 
NY 
eed Bi x 
+v) 
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Fig. 13: Coupling-frequency, 2 wires grounded 


which embody essentially the same 
basic principles. The “characteristic 
equation” previously developed for 
directional conditions to obtain, was 
given as 

M/C,, oe Zor Zos- 


If one considers that the coupling 
may be done by lumped circuit 
parameters, that is, M and C,, are 
lumped values, it is possible to arrive 
at the configuration of Fig. 15. In this 
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20-20 
PLUS! 
S-268-Q 
Output 
Transformer 


1 db 8—80,000 cycles 
80 watts 30—40,000 cycles 


20 watts at 10 cycles 
40 watts at 15 cygles 


ary impedances 
8,000CT & 2,000CT 


PEERLESS 


Ele ctrical Products | 


9356 Santa Monica Bivd., Beverly Hills, Calif. 
161 enue, New York 13, New York 


EGRESS & 


case it is understood that the trans- 
mission lines themselves do not 
couple any energy and it is clear that 
if the polarity of either-winding of 
the transformer is reversed that the 
directional properties reverse. This 


OC COUPLING 


a © THEORET/CAL 
XK @ EXPERIMENTAL 


L l 
76 000 125 150 75 200 
FREQUENCY ~ KC 


Fig. 14: Shielded line coupling vs frequency 


permits either reverse or forward 
coupling. 

Also, one may couple onto the 
secondary line without any primary 
line. Fig. 15 still applies, provided 
line (1, 2) is not a line at all. This 
configuration shows high directivity 
and can couple practically all of the 
energy from the generator onto the 
secondary line in the desired direc- 
tion. Directivities greater than 45 db. 
are couplings of less than —1 db. are 
easily achievable. Zero db. means all 
of the energy is coupled over. 

If Fig. 15 is modified so that there 
are in fact no transmission lines but 
only wires exist, it is still possible 
to obtain directional coupling. How- 
ever, in this case the relations, as 
derived for the transmission line 
couplers, may be somewhat modified. 

Each of the directional couplers 
developed have certain advantages 
which are pointed out below: 

1. The four-wire system is the 
most desirable for high-voltage sys- 
tems where voltage breakdown is a 
factor. 

2. The two-wire system requires 
the least wire and is, therefore, de- 
sirable where economy is a factor. 

3. The four-wire system with two 
wires grounded is most desirable 
where the wires must be high off the 
ground and the impedance of each 
line is desired to be low. This ar- 
rangement yields much higher cou- 
pling than either of the above sys- 
tems, but requires two of the wires 
to be at a common ground potential. 

4. The three-wire system is best 
suited for applications where one 
wire may be used as a common 
wire and a high degree of coupling 
is desired. 

5. The shielded two-wire system 
has practically no noise or other 
extraneous voltages induced and, 
hence, is desirable whenever inter- 
ference is important. 

(Continued on page 178) 
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DIRECTIONAL COUPLERS (Continued) 


6. The lumped circuit coupler 


has the highest amount of coupling, 


requires practically no 


coupling 


length and does so with a high di- 
rectivity. This unit could be con- 
tained on a small radio chassis if 
desired. 


It was the purpose of this paper to 


present an analysis on directional 
couplers at the lower radio frequen- 
cies. Five different types of trans- 


mission line systems 


have been 


shown to possess directional proper- 
ties. The conditions of mismatch on 


(4) 


Fig. 15: Lumped circuit directional coupler 


either transmission line, as well as 
lengths of coupling greater than a 
fractional wavelength, have been 


taken 


into account. In addition, 


lumped circuit directional couplers 
have been developed as a conse- 
quence of the general transmission 
line theory. All of the couplers 
should have application in the radio 
field and the extension of the art of 
directional coupling to the lower ra- 
dio frequencies should prove of great 
value. It is hoped that this paper 
will stimulate interest in this aspect 
of communications. 
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GRAPHITE METALLIZING CORP. ........... 177 
Agency—Kotula Co. 

a ag ME ET EL EOE Oe ee Pe 171 
Agency—Merchandising Advertisers, Inc. 

GRAY RESEARCH & DEV. CO., ES. sees 6 
Agency—Taylor & Greenough Co. 

GUARDIAN ce eee oratilg EE RO Pe pie 130 
Agency—Kennedy & Co. 

GUDEBROD BROS. SILK co., ah EP 166 
Agency—Lee Ramsdell & Co., Inc. 

HAMMARLUND MFG. CO., INC. ........... 153 
Agency—Roeding & Arnold Inc. 

HART WPS COMM hg sin.dasc Se hacia Chctulel oe be 174 


Agency—Wilson, Haight, Welch & Grover, Inc. 
co. 


eer We IN oo ane ied wees Perey 142 
Agency—Burton Browne Adv. 
HERMETIC SEAL PRODUCTS CO. ........... 49 


Agency—Art-Copy Adv. Agency 
HICKOK ELECTRICAL INSTRUMENT COL tus: 908 
Agency—Ritchie & Sattler, Inc. 


HI-Q DIV. AEROVOX CORP. ............. 128 
gency—Austin C. Lescarboura & Staff 
HOUSTON FEARLESS CORP. . 20... cc eseees 125 
Agency—Taggart & Young Advertising 
HUGHES AIRCRAFT CO., SEMICONDUCTOR 
A Pry aay Wer Cone & Belding 
HUGHES RESEARCH & DEV. LABS. ......... 145 
Agency—Foote, Cone & Belding 
INTERNATIONAL RECTIFIER CORP. ........ 52 
Agency—Roy F. Irvin Advertising 
JERSEY SPECIALTY CO., INC. ............. 180 
Agency—George Gero “advertising 
gg a ee or er eee ROME ss op 156 
A eaten Browne Advertising 
JOHNSON C REPO R Ee 165 
Raeher-tiadeod- Goodman Adv. Agency 
JONES DIV., H. B., CINCH MFG. CORP. .... 130 
Agency—Symonds, MacKenzie & Co. 
KAHLE ENGINEERING CO. ................ 172 
Agency—Conti Advertising Agency 
8 Sar Are eer 124 
Agency—Felt Advertising, Inc. 
KESTER EE UT Ws ev dom piste th hae tue 33 
Agency—Paul J. Steffen Co. 
oo OR errs eee rere eee 122 
Agency—Kenneth 8B. Butler & Assoc. 
MALLORY & CO., INC. P. RB... icc. 48 
Agency—Aitkin- Kynet Co. 
MAXSON CORP., Re seecediedtinotas > 6% 108 
A cee se od Advertising 
MEASUREMENTS Ws. wade eUere wncteses 180 
Agency—Frederick Smith Adv. Agency 
SRG Petts Bes Oe Ee 159 
Agency—Lewis Edwin Ryan Adv. 
METHODE: MFG. CORP. 2.05. 00... cee eee. 172 
Agency—Sander Rodkin Adv. Agency, Ltd. 
MIDLAND MFG. CO., INC. ............... 119 
Agency—R. J. Potts- ‘Calkins & Holden, Inc. 
MYCALEX CORP. OF AMERICA ............ 112 
Agency—Charles Brunelle Co. 
NATIONAL UNION RADIO CORP. .......... 5 
Agency—Brooks & London Adv. 
NATIONAL VULCANIZED FIBRE CO. ....... 123 
Agency—John Gilbert Craig Adv., Inc. 
NEW LONDON INSTRUMENT CO. ......... 158 
seer ELECTRICAL PRODS. DIV., ALTEC 
a ere gerne 177 
a Pater B. Miner Co. 
PHALO PAMMIUGE GPs: ac <nkeeevesviaetees 161 


Agency—George T. Metcalf Co. 
PHELPS DODGE COPPER PRODUCTS CORP. .. 28 
Agency—Compton Advertising, Inc. 
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POLARAD ELECTRONICS CORP. ............ 31 
Agency—Picard, Marvin & Redfield 

POLYTECHNIC RES. & DEV. CO., INC. ...... 55 
Agency—George Homer Martin Assoc. 

PRECISION PAPER TUBE CO. ............. 173 
Agency—Symonds, MacKenzie & Co., Inc. 

PREMIER INSTRUMENT CORP. ............. 114 
Agency—Kelly Nason Inc. 

PRESTO poo LB eae Seem ee 4 
Agency—Lewin, Williams & Saylor, Inc. 

PROCEEDINGS WE ee WMG foots bob vise oats 135 

a ee ei ens Pier ie 132 
Agency—Art-Copy Advertising Agency 

RADIO CORP. OF AMERICA ..... 7, 121, Cover 4 

_. Agency—J. Walter Thompson Co. 

RADIO Corp. OF AMERICA ........... 40, 180 
Agency—Al Paul Lefton Co. Inc. 

= MATERIALS CORP, .............. Cover 2 

Agency—Turner 9 ger | Agency 

RADIO oo ge She | erg te ee 173 
Agency—Walter J. aon 20 Assoc. 

ay Hohe Pi ind See Bate cdd Radonew cheeks 144 

Agency—Buti Roberts and Assoc. 

RAYTHEON a GOS vc Shc dca cs one os 53, 105 
Agency—Walter B. Snow & Staff 

REEVES SOUNDCRAFT CORP. .............. 11 


Agency—J. M. Mathes, Inc. 
RELAY WN sais ip Satin kw Ni tise x kane tae 178 
Agency—Marthens, ey & Simms, Inc. 


REON RESIST ee ERIN RL SES 20 
Agency—A. D. Adams Advertising 

ROBINSON Po | Sears pe 148 
Agency—Platt, Zachary & Sutton, Inc. 

SANDERS ASSOCIATES, INC. .............. 133 
Agency—Robert Hartwell Gabine 

SANGAMO ELECTRIC CO. ..............4- 134 
Agency—Arthur R. Mogge Inc. 

oe INDUSTRIES, INC. ......... 108, 156 

Agency—Sylvan A. Wolin & Assoc. 

SEL- REX nC PARTAES, UNG... oc... c es 169 
Agency—Bass & Co. 

SHALLCROSS Ss Se Per = 149 
Agency—Harry P. Bridge Co. 

SIGMA INSTRUMENTS, SINC. mis? 115 
Agency—Meissner & Culver, Inc. 

bay sero en a nen ED RCE CTE Ir 60 

Agency—Harry P. Bridge Co. 

STANDARD ELECTRONICS ES. Wceticdsecas 29 
Agency—Wehner Advertising Agency 

STUPAKOFF CERAMIC & MFG. CO. ......... 51 
Agency—Walker & Downing Agency 

SYLVANIA ELECTRIC PRODUCTS INC. .... 23, 111 
Agency—Cecil & Presbrey Inc. 

a Rs ae: penne 174 
Agency—John Falkner Arndt & Co., Inc. 

FR, WINin s5'.0s wi ewalb esac ecu ueetr 167 
Agency—Powerad Co. 

WRU RRs SOUS a io aoe Sines bisins Sivas 152 

TEL-RAD DAPG. CG, ING oc a cin cee e's 158 
Agency—Sander Rodkin Adv. Agency 

TENSOLITE INSULATED WIRE CO. ......... 169 
Agency—George Homer Martin Assoc. 

TRANSICOIL EE PEE ERS DOE ee 151 


Agency—Harry P. Bridge Co. 
TRU-OHM PRODS. DIV., MODEL ENGRG. CO. 41 
Agency—Sander Rodkin Adv. Agency Ltd. 
TRUSCON STEEL DIV., REPUBLIC STEEL CORP. 22 
Agency—Meldrum & Fewsmith, Inc. 


TUNG-SOL ELECTRIC INC. ..............-. 37 
Agency—E. M. .Freystadt Assoc., Inc. 

U. S. COMPONENTS, INC. ............... 176 
Agency—Mitchell Advertising Agency 

UES. hata g oe RR it eG DEE eth oe 171 
Agency—O. K. Fagan Adv. Agency 

UNIVERSITY LOUDSPEAKERS, ng ETE EL 42 
Agency—George Gero Advertising 

Sy | Gs rk Pb TES sk ensh anh Sas Be 160 
Agency—Richard Thorndike Agency 

VICTOREEN INSTRUMENT CO. ............ 168 
Agency—Carpenter Adv. Co. 

oF ere en Sie 168 

WESTERN ELECTRIC CORP. ............... 50 

WESTINGHOUSE ELECTRIC CORP. ..... 8, 46, 56 
Agency—Fuller & Smith & Ross Inc. 

WESTINGHOUSE ELECTRIC CORP. ......... 34 


Agency—H. W. Buddemeier Co. 
WHEELER INSULATED WIRE CO............. 178 
Agency—Edward W. Robotham & Co. 


WOGE, IS ia i i cieds ein cs eee 170 
bay oe eal iho. asia 6, 6 oe 40,8 eo eel 162 
Agency—Emery ‘Adv. 
WIND PRE GA a vc Reh nnn ae dss ccaee 137 
Agency—Harry P. Bridge Co. 
WORKSHOP ASSOC. DIV., GABRIEL CO. .... 150 


Agency—Larcom Randall. Adv. 


While every precaution is taken to insure accuracy, 
we cannot guarantee against the pepe of an 
occasional change or omission in the preparation 
of this index. 
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BROADCAST and 
TY ENGINEERS 


R CA e e e has several attrac- 


tive openings for aggressive, sales- 
minded engineers with at least 5 years 
technical experience in the Radio and 
Television Broadcasting Industry. 


FIELD SALES 


Interesting assignments in various ter- 
ritories selling RCA transmitters, 
antennas and studio equipment to sta- 
tion engineers and executives. Must 
have ability and personality for dealing 
with top-level engineering and man- 
agerial personnel. 


SALES & PRODUCT 


ADMINISTRATION 
Several openings for technically quali- 
fied personnel to perform variety of 
duties in administering sales program 
of radio and TV broadcasting equip- 
ment. Act in technical liaison capa- 
city between salesmen, customer, engi- 
neering and production. Only occa- 
sional travel. 

e 
Please send detailed resume of training, 
experience and salary desired—which 
will be confidentially received and 
acknowledged —to: 


Employment Division, Dept. HO203K, 


RADIO CORPORATION 


@ OF AMERICA 


30 Rockefeller Plaza 
New York 20, New York 


Model 640 


Laboratory Engineering 
5" OSCILLOSCOPE 


¢ DC amplifiers to 4.5 mc with 
17 millivolt sensitivity. 


e Calibrating voltages, trig- 
gered sweep, Z-axis modula- 
tion, light shield provided. 


© Write for technical details... 


THE HICKOK ELECTRICAL INSTRUMENT CO 


° 
i BULLETINS 


CDC Folder 


Computing Devices of Canada Ltd., Box 
774, Ottawa, Ontario, Can. has issued a four- 
page folder that describes the organization’s 
facilities and the electronic equipment it 
supplies. 


Testing Units 


A four page bulletin S-950-2 issued by 
Bowser ecunical Refrigeration, Div. of 
Bowser Inc., Terryville, Conn. illustrates and 
describes the company’s S-series of research 
and testing units. 


**Sound Talk’’ 


“Sound Talk’’, Bulletin No. 25, issued by 
Minnesota Mining and Manufacturing Co., 
900 Fauquier St., St. Paul, 6, Minn. discusses 
problems encountered in special recorders 
for instrumentation, geophysical work, and 
medical uses. 


Luminous Materials 


Sampson Chemical and signee Corp., 
2836 W. Lake St., Chicago 12, Ill., have re- 
leased an 8-page descriptive brochure cover- 
ing the application of radium, phosphorescent, 
fluorescent, and non-luminous materials. 


Attenuator Instruments 


Waveline, Inc., Passaic Ave., Caldwell, 
N.J., has released a four-page folder which 
illustrates and gives pe ormance data on 
fixed waveguide pads, flap attenuators, vari- 
able high-stability attenuators, and variable 
dial attenuators. 


Trimmer Capacitors 


A new 4-page brochure, No. 220 prepared 
by JFD Manufacturing Co., Inc., 6101 16th 
Ave., Brooklyn 4, N.Y., presents information 
on piston-type variable trimmer capacitors 
for engineers, purchasing agents, and elec- 
tronic parts jobbers, Form No. 226 presents 
detailed information on the Model VC3-G 
miniature UHF piston capacitor. 


Parts Catalog 


Allied Radio Corp., 100 N. Western Ave., 
Chicago 80, Ill., has released the 1954 catalog 
which contains 268 pages listing 20,000 elec- 
tronic items. 


Seals 


Stupakoff Ceramic & Manufacturing Co., 
Latrobe, Pa. has published a 36-page catalog 
(No. 453) on “Kovar-Glass Seals.” 


Magnetic Tape Equipment 


Three bulletins covering several types of 
magnetic recording and reproducing equip- 
ment are available from a Electric 
Corp., 934 Charter St., Redwood City, Calif. 
The first describes the tape duplicator which 
can produce up to 10 hours of a 
material in 1-% minutes. Second is the 
Model 450 tape reproducer which will play 
continuously for eight hours. Third is the 
Model 350 ta recorder with frequency 
response +2 db from 30 to 15,000 cycles. 


Slide Switches 


Stackpole Carbon Co., Electronics Div., 
Tannery St., St. Mary’s, Pa., have published 
an attractive 15-page catalog that describes 
and illustrates the company’s line and slide 
switches and presents their required engi- 
neering data. 


Meters 


A new 16-page bulletin, GEA-5469B, re- 
leased by General Electric Co., Schenectady 
5, N.Y., provides data on hook-on volt-am- 
meters, hook-on wattmeters, hook-on power- 
factor meters, portable recorders, voltmeters 
and ammeters, phase-sequence indicators, 
hand pyrometers, surface roughness scales, 
insulation-resistance meters, etc. 


CDF Catalog 


A new i12-page, 3-color, illustrated catalog 
by Continental-Diamond Fibre Co., Newark, 
Del., Catalog GF-54, describes the products 
of the company, their uses, and gives de- 
tailed technical data in tabular form. 


Measurements 
Corporation 


MODEL 59 


MEGACYCLE 
METER | 


FREQUENCY CALIBRATION: +2% 


For determining the resonant 
frequency of tuned circuits, an- 
tennas, transmission lines, by- 
pass condensers, chokes, etc. 
For measuring inductance and 
capacitance. May also be used 
as an auxiliary signal genera- 
tor; for signal tracing and many 
other applications. 


Complete data on request. 


MEASUREMENTS 
CORPORATION 


BOONTON oO NEW JERSEY 


WARNING! 


WHY 


pay more for questionable 
quality* tubular TV lead-in wire? 


*subject to patent infringement. 


LOOK 


for highest quality license- 
labeled* Tubular TV Wire... 


*JSC Tubular Wire is manufactured under 
license of Amphenol Pat. 2543696. 


DEMAND (Gs© 


the most for your wire dollar. . . get 
BOTH Quality**! AND Low Price**! 


** JSC—Highest in Quality...Lowest in Price 


JSC NEW Twin Tubular 
TV Lead-In Wire ... 


The best low loss, low cost 300 ohm 
lead-in for UHF and VHF television. 


Rain, snow, dirt or salt deposits do 

not materially affect impedance and ‘<> 
electrical efficiency. 

JSC tubular construction contains ISC) 
and protects the concentrated field 

of energy and reduces to a mini- hb, WEF 
mum high ratio signal losses. 

Always Look for Orange & Blue Disc of Quality 
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This unit provides the necessary information on transmission character- 
istics for the installation of terminal equipment, for the maintenance of termi- 
nal equipment, and for the field service of transmission lines and terminal 


equipment for microwave relay systems. 
TR A N N M N N 0 N In one portable unit for efficient field use are combined the functions 


which normally would be performed by a separate Vacuum Tube Voltmeter, 
Audio Oscillator and Equalization Filters. 


7 A S l) H | N Gi S } T This unit has filters for providing response curves for accurate indication 


of 144, F1A or flat transmission lines. The 12-A also has provision for measure- 
ment of harmonic distortion and has its own self-contained low distortion 


T Y p F | ? . A 1000 cycle oscillator with variable amplitude. 


The amplifier of the 12-A provides range levels from plus 20 to minus 

80 DBM in calibrated steps of 10 Db. The associated meter is calibrated in 
F 2 0.5 Db steps. The dynamic characteristics of the indicating meter are such 
0 I M e@ a S$ ul i | fl g th e that its response approximates the speed of appreciation of sounds by the ear. 


Characteristics 
of Microwave 
Relay Systems 


a4, 


C 
% 
t 


> 
4 


This unit has line blocking capacitors for use across central battery 
and dial telephone lines. 


Write for additional specific information and for catalog material. 


DA VE, 'N 179 Central Avenue 
THE co. 
Newark 4, New Jersey 


ORLD'S KARREST OSE REECE CEES. OF ATLUER Cat 23 
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RCA TUBE DEPARTMENT 


How these “spheres” of RCA Engineering 
—work for YOU 


RCA Development and 
Design Engineering—antici- 
pates the need for new elec- 
tron devices, and translates 
your requirements into practical designs. 


RCA Quality Control Engineering— 
assures consistent quality, from the raw 
materials to the finished product. 


RCA Production Engineering—de- 


velops production techniques and 
maintains product reliability. 


RCA Commercial Engineering—edits 
and publishes the industry’s most use- 
ful and comprehensive technical publi- 
cations, for your convenience in using 
RCA Tube Department Products. 

RCA Application Engineering— 
solves your special problems in tube 
and component applications. 

RCA Field Engineering—provides 
“on-the-spot” technical consultation 
service—co-ordinates your require- 


ments with other RCA Tube Depart- 
ment Engineering Services. 


For expert help from your RCA Field 
Engineer, write RCA Commercial Engi- 
neering, Section 57KR, Harrison, N. J. Or 
contact your nearest RCA Field Office: 
(EAST) Humboldt 5-3900 

415 S. 5th St., Harrison, N. J. 
(MIDWEST) Whitehall 4-2900 
589 E. Illinois St., Chicago, Ill. 


(WEST) Madison 9-3671 
420 S. San Pedro St., Los Angeles, Cal. 


RADIO CORPORATION of AMERICA 


@ ELECTRON TUBES AND COMPONENTS 


HARRISON, WN. J. 


